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ABSTRACT 
 
 
Three trends in the current educational scene in universities have influenced the direction 
of this research. One is the increasingly diverse student cohort in all universities in the 
developed world owing to a large influx of international students, the second is the 
increased use of Problem-Based method of teaching and learning in many disciplines of 
Health Education and related fields and the third is the growing awareness of the need to 
accommodate varying learning styles in any classroom. This growth in the international 
student community has resulted in most universities setting up Foundation Studies (FS) to 
assist international students in a smooth transition from schools in their home country to 
universities, in often unfamiliar social and educational cultures. 
 
This study was designed to investigate the effect of learning styles and demographic 
differences on performance in Biology when taught using two different methods of 
teaching. One was the teacher-directed Traditional Teaching and Learning (TTL) and the 
other was the student-centred Problem-Based Learning (PBL). The preferred learning 
styles of all Foundation Studies (FS) Biology students over four academic years at the 
Royal Melbourne Institute of Technology University (RMIT) were determined using an 
existing instrument, the Paragon Learning Style Inventory (PLSI). These students were 
taught two selected topics in Biology by the researcher using the two different methods 
and their performance assessed by a written test at the end of each topic. Two instruments 
were developed to assess student participation in PBL. The first instrument Students’  
ii 
Participation in Group Discussions (SPGD) rating scale was designed for teacher 
evaluation of student participation in PBL group discussions while the second instrument 
the Student Self Evaluation (SSE) rating scale was for self-evaluation by students. 
Relevant demographic data was also collected and individual interviews were conducted 
to draw out their views and opinions about their learning styles and the two teaching 
methods.  
 
The analysis of data was predominantly conducted by quantitative methods, supported by 
qualitative analysis of the interview data. Effect size analyses were used to investigate 
differences in performance under the two teaching methods on the basis of demographic 
and learning style differences. Further probes were conducted to elicit any interactions 
among the demographic variables and the learning style traits in their effect on 
performance under the two teaching methods. Some graphical analyses were carried out 
for this purpose and a quantitative measure for interaction was derived using effect sizes.  
 
While results confirmed some of the trends displayed by learning style traits in other 
disciplines, a number of interactions among variables were found to affect performance 
in Biology as well as performance under the two teaching methods. Gender, age, prior 
qualification and the language of instruction of prior education had various levels of 
interactions with the introvert/extrovert, intuitive/sensing, thinking/feeling and 
perceiving/judging learning traits and affected performance in Biology to varying extents. 
However, it was found that international students from diverse backgrounds were able to  
iii 
cope with both methods of teaching though there was a definite preference expressed for 
the traditional teacher directed method.  
 
The conclusions from this study have resulted in a number of recommendations for 
Biology educators, Foundation Studies (FS) administrators, authors and all practitioners 
of Problem-Based Learning (PBL). Several suggestions have opened new avenues for 
future research. These recommendations for pedagogy and suggestions for future 
research can improve the outcomes of Biology education as well as other disciplines in 
related fields. As a consequence of this study two new instruments have been developed 
to assess student participation in the group discussions of Problem-Based Learning 
(PBL). These could prove to be valuable assessment tools for practitioners of this 
methodology. 
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Chapter 1 
 
Introduction and Overview 
 
 
1.1 Introduction 
 
The purpose of this research is to examine the learning styles of a group of 
International students from different educational, cultural and linguistic backgrounds 
in Foundation Studies (FS) at the Royal Melbourne Institute of Technology 
University (RMIT) and determine how their learning styles affect their performance 
in Biology under two different methods of teaching and learning. The two methods in 
question are the Traditional Teaching and Learning (TTL) and Problem-Based 
Learning (PBL). This study is also an attempt to determine the relationship between 
students’ participation in the PBL group discussions and performance in Biology 
under the PBL method. Two instruments have been developed to assess students’ 
participation in PBL group discussions, one used by the teacher to evaluate each 
student’s participation in PBL group discussions and the other used by students for 
self-evaluation of their participation in PBL group discussions. FS is a course for 
preparing International students for their tertiary education in Australian universities. 
Most of the Biology FS students proceed with their higher education in Health 
Science areas. Health education is increasingly using the Problem-Based method of 
teaching and learning. It is in this context that this study seeks to examine whether 
these International students from vastly different educational, cultural and linguistic 
backgrounds are able to carry out their studies in the PBL method. Thus this whole 
research has been conducted in the context of current trends of Science Education in 
general and Health Education in particular.  
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Education could be defined in a number of ways. It could be an activity that imparts 
knowledge or skill (Dall’Alba & Barnacle, 2005). It could be the process of 
empowering oneself with knowledge in basic skills (Belanger, 1997). However, the 
most important part of education is to learn how to sustain knowledge and learning 
skills (McKeown, 2002). In this research context, I would prefer to define education 
as a process of learning the skill to survive. Education helps people to become 
thinkers and gives them the insight to make decisions. It provides the knowledge for 
putting a person’s potentials to maximum use. The training of the human mind 
remains incomplete without appropriate levels of knowledge and skill acquisition 
through education. A person is able to receive information, process information and 
apply this acquired knowledge only through appropriate levels of knowledge. Success 
of a person, an organisation, a society or a nation itself depends on productive 
creativity. Such productive creativity is dependent on both knowledge and skills.  
 
 
Science education is concerned with imparting scientific knowledge and skills to 
individuals who are not part of the scientific community. These individuals may be 
school children, college students or adults within the general public. The field of 
science education comprises science content, some sociology and some teaching 
pedagogy (Fraser & Tobin, 2001). Research in science education emphasises the 
metalearning of the learning community. I believe this piece of research throws some 
light on the metalearning of students with diverse cultural and social background. 
 
 
Attaining scientific literacy is the primary goal of science education. Science ideas are 
subject to change, science demands evidence and science is a complex social activity 
(Rutherford & Ahlgren, 1990). Science educators report knowledge is a human 
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construction rather than something that has always existed, scientific knowledge is 
constantly evolving rather than static, scientists and their ideas are influenced by the 
technology, social and political forces of their time (Wong, 2002). Students must be 
able to articulate science ideas both in writing and orally to be scientifically literate. 
However, some science educators treat learning as transmission of science 
information to the students. If science learning is regarded, instead, as a process where 
science knowledge is not transmitted but rather constructed within communities of 
like-minded people then learning science must be treated as a process that requires 
critical thinking, the evaluation of information, synthesis of ideas, the testing of ideas 
and data through comparison against preexisting models, and the development of new 
models (Fraser & Tobin, 2001).  
 
 
In the 21st century, Australian universities are in the process of rapid change. They are 
being required to educate students from an increasing variety of backgrounds despite 
decreasing government funding. The student cohorts have become increasingly 
diverse since the 1990s (McInnis, James, & McNaught, 1995). Multicultural 
education is an approach to teaching and learning that is based on democratic values 
and beliefs, and affirms cultural pluralism within culturally diverse societies and an 
interdependent world. It is based on the assumption that the primary goal of public 
education is to foster the intellectual, social and personal development of virtually all 
students to their highest potential (Bennett, 1999). New models are emerging about 
global initiatives in education as a result of globalization.  For example, a model of 
‘borderless education’ has emerged, which shows the interplay between the ‘5Ps’ of 
practical issues, pedagogical issues, policy issues, philosophical issues and personal 
issues (Cunningham, 1998). 
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1.2 Background of the Study 
Research into students’ approaches to learning is not new. However, the mode of 
investigation of each research varies and researchers build up new information upon 
already existing knowledge. As a tertiary Biology teacher I have always given priority 
to making my classroom-learning atmosphere interesting. I have promoted student- 
centred teaching and learning by using various teaching techniques that range from 
simple activity sheets to latest technological know how. I was part of a study in 1999, 
which found that CD-ROMs were not being put to effective use in teaching high 
school science (Rodrigues et al., 1999). However, Internet, CD-ROMs and other 
technology have become an integral part of my teaching. My experience in teaching 
Biology that stretches from High School level to University level for the last 25 years 
has given me the insight that flexibility, adaptability, transparency, accountability are 
not the only key issues to accommodate all students equally and effectively in a 
classroom situation. I believe that teaching and learning will be more effective if the 
teacher knows the learning approach of each student. It became more apparent when I 
started to teach Biology in FS at RMIT. In a FS classroom, we would come across 
groups of students from different social and cultural background, students from 
different nationalities and students who have completed their previous educational 
qualification in different languages, prior to joining FS.  In 1992, I had taken a group 
of ten FS Biology students to Melbourne Museum for a study trip. I observed each 
student’s interaction to each other, their discussions and the way that they tried to 
understand the learning areas. Especially, I noted that two students who usually kept 
low profiles in a classroom situation became more active and tried to understand the 
learning area in their own style. However, three other students who usually showed 
active learning in normal classroom learning situation had taken the study trip just for 
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fun and these students requested me to teach that particular topic again in class. The 
students’ responses on my enquiry as to whether or not I should teach the whole 
concept again in class created a sort of inquisitiveness in me. The two students who 
showed active participation seemed to be comfortable with the learning outcomes that 
were meant to be covered in the study trip. So I decided to conduct a test before I 
started to teach this particular area again as requested by three students who normally 
performed well in their usual class tests. In this particular test the performance of the 
two students who demonstrated active participation in the study tour was found to be 
significantly better than their previous test results. At the same time the students who 
normally performed well in their usual class tests didn’t perform well in this particular 
test. So I was curious to find out whether there is any relation between students’ 
participation in active learning or student-centred learning and the score they get in 
their tests. Student-centred learning is an approach to education focusing on the needs 
of the students, rather than those of others involved in the educational process such as 
teachers and administrators (Pedersen & Liu, 2003). 
 
 
The FS in the School of Life and Physical Sciences (SLAPS) at RMIT is a pathway 
for students from foreign countries to their higher education at RMIT or any other 
higher institution in Australia. The program extends over two semesters and the 
learners are heterogenous, characterised by varied educational, academic and cultural 
backgrounds.  In this program students are offered eight courses of which five courses 
can be selected. However, English is compulsory. Other courses include Biology, 
Chemistry, Physics, Pure Mathematics, Applied Mathematics, General Mathematics 
and Computer Science. Students who are doing Biology have various options in their 
future education that include Medicine, Nursing, Biotechnology, Physiotherapy, 
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Chiropractic, Pharmacy, Food Technology, Environmental Sciences and Biological 
Sciences.  
 
    Age: Normal age18yrs-20yrs and Mature age 21+yrs 
 
Education: Equivalent to Yr 11 or Yr 12 in Australia 
 
Aim: All these students came to Australia with a 
conditional offer to various degree programs at RMIT 
provided they complete successfully Foundation Studies 
with the minimum stipulated mark for each course 
 
 
     
 
Duration: Two semesters 
 
 
 
 
 
    RMIT Engineering 
    RMIT Biotechnology 
    RMIT Chiropractics 
    RMIT Nursing 
    RMIT Food Technology 
    RMIT Environmental Sciences 
    RMIT Biological Sciences 
Can also join other Australian Universities for various   
programs provided they meet the entry requirements 
 
Figure 1.1 Models of the Foundation Studies in SLAPS at RMIT 
 
After the program most of the Biology students go for higher studies in Health 
Sciences. Medical schools both in Australia and overseas have shifted their paradigm 
from TTL to PBL. In PBL, learners are progressively given more and more 
responsibility for their own education and become increasingly independent of the 
teacher for their education (Barrows, 1985). PBL is an instructional method that 
challenges students to ‘learn to learn’ and work co-operatively in groups to seek 
solutions to real world problems. I was curious to find out whether the Biology 
 
 
       Exit 
 
International 
Students 
 
Foundation 
Studies at  
SLAPS in 
RMIT 
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students in FS are comfortable in the PBL method. However, I found that there was 
no particular instrument to measure students’ participation in PBL group discussions. 
This led me to develop two instruments, Students’ Participation in Group Discussions 
(SPGD) as shown in Appendix 11 and Student’s Self-Evaluation (SSE) in Appendix 
12 to be administered concurrently during PBL. The former is an evaluation of each 
student by the teacher while the latter is a self-evaluation by the students themselves. 
The details of these two instruments and their validity and reliability are discussed in 
Section 3.7.1 and 3.7.2 of Chapter 3. I believe this preliminary study with the 
researcher-designed instruments could lead to further studies with larger number of 
participants and could be used as a valid instrument in future to measure students’ 
participation in PBL group discussions. This could prove to be a valuable tool for 
further research in the field or as an instrument to evaluate student performance in 
PBL classes. 
 
 
Students differ in the way they approach learning (Bennett, 1999). Some work well in 
groups, others prefer to work alone. Some need absolutely quiet learning atmospheres 
in order to concentrate, others do well with noise and movement. Some need a great 
deal of structure and support, others are more independent and self-motivated. Some 
students grasp oral instructions quickly, others need to see the instructions in writing. 
Some require a warm personal rapport with the teacher, while others do not. Some are 
intuitive, others prefer inductive or deductive reasoning. Some learn best in a formal 
environment, while others prefer a more relaxed atmosphere. The list of differences 
could go on. Knowing and understanding students’ preferred learning styles and their 
educational backgrounds would give a better understanding in the design of 
instructional materials. Through identifying students’ learning styles and their 
  8
educational backgrounds, an instructor or facilitator will be in a better position to 
capitalize on their strengths and improve their self-advocacy skills. So a critical first 
step to ensuring a student’s academic success involves evaluating his/her learning 
style preferences. Hence another aspect of my research is determining the learning 
style preferences of students using an existing instrument, Paragon Learning Style 
Inventory (PLSI) (Shindler, 2003) presented in Appendix 9. The detail of this 
instrument is also described in Section 3.6.2 of Chapter 3. 
 
 
1.3 Rationale of the Study 
Students often find University teaching to be didactic and not conducive to deep 
learning or to the development of effective learning strategies (Karabenick, 1991). 
Thus efforts are needed to assist all first-year students to use more appropriate 
cognitive and learning strategies to become more metacognitive about their learning 
(Rust, 1999). Since FS students are in their transition from school to University 
education and also, they are in a new cultural learning environment, efforts are needed 
to identify their learning styles to promote deep learning which is the most important 
outcome expected in tertiary education. Most of the FS Biology students are looking 
forward to continuing their tertiary education in areas such as Health and Food 
Sciences. Medical education, both in basic sciences and in clinical training, is 
changing all over the world (Barrows & Tamblyn, 1980). Discipline-based and lecture 
dominated TTL is gradually giving way to PBL. In Australia, the Department of 
Education and Children’s Services in South Australia has introduced PBL curriculum 
in Primary and Secondary School Curriculum (Hollands, 2005). This methodology is 
appropriate for all levels of education. In the tertiary sector, for example, PBL is an 
increasingly important component of disciplines such as medicine. PBL is now the 
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instructional method of choice in an increasing number of medical schools around the 
globe. Introduced in 1969 at McMaster Faculty of Health Sciences, Canada, PBL is 
now used in about 150 medical schools worldwide (Schmidt, 1998). In Australia, PBL 
was introduced in 1978 in the medical school at the University of Newcastle, NSW 
and other medical schools in Australia, such as the University of Sydney, NSW, 
Flinders University of South Australia, the University of Queensland in Queensland, 
Monash University and Melbourne University in Victoria, have since followed the 
example and introduced PBL (Schmidt, Machiels, & Hermans, 1996). 
 
1.4 Significance of the Study 
 
Most universities around the world run Foundation Programs (FPs) as a bridging 
course between high/secondary school and undergraduate studies with the aim of 
improving the quality of International student intakes for university undergraduate 
studies. Learning across the lifespan is critical to the well being of all people. 
However, the lack of a proper base in metacognition, often becomes a stumbling 
block in the journey of life long learning for many people. FPs become an integral 
part of most of tertiary education. The aim is to teach students how to learn, 
promoting access and opportunities for further tertiary education, fostering shared 
understanding, encouraging supportive relationships and developing leadership skills. 
FPs have become the cornerstone of meaningful tertiary education as it brings 
together students from diverse socio, cultural and economic backgrounds. It is a fertile 
avenue for sparking creativity, promoting freedom in knowledge acquisition, helping 
to gain linguistic and cultural conventions, and inspiring life time learning before 
students take off to their tertiary education. 
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The international students at RMIT come from diverse social and cultural 
background. Until a couple of years ago, FS at RMIT was mainly taking international 
students from Asian countries like Indonesia, Singapore, Malaysia, Korea and 
Vietnam.  However, the situation has changed and more and more students are 
entering the program from Kuwait, UAE, Oman, India, Pakistan, Bangladesh, Sri 
Lanka, China and Africa. It could be an effect of globalization. Due to the present 
global political climate, more students from Middle Eastern countries tend to take up 
higher education in Australia and New Zealand. The relatively stronger currencies of 
UK and USA compared to Australia also favour this influx of international students 
into Australia and New Zealand. As a result RMIT is expecting more international 
students in future intakes and as mentioned earlier most of the FS Biology students 
choose courses in Health Sciences in tertiary level of education on completion of FS. 
The significance of this study at this juncture is to find out whether the Biology 
students in the FS at RMIT are competent in PBL and whether their approaches to 
learning affect their competency. The results of this study will then be used for 
suggestions for improvement in Biology teaching in FS at RMIT, as well as to inform 
higher education faculties using Problem-Based approaches. The researcher designed 
SPGD and SSE instruments to measure students’ participation in the PBL approach 
could be used for further research with larger number of research samples. My study 
is quite distinctive from any previous research in that it assesses students’ approaches 
to learning and its effect on the academic performance in two different methods of 
teaching and learning of Biology and students’ participation in group discussions for a 
unique cohort of international students from very diverse cultural, linguistic and 
academic backgrounds.  
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1.5 Overview of the Thesis 
 
The conceptualisation, design, implementation, findings and recommendations of this 
study are presented in five chapters. Chapter 1 provides the background, rationale, 
significance and an overview of the thesis. Chapter 2 reviews the literature pertinent 
to the study. The literature review incorporates four main relevant fields. The first part 
examines the importance of FS and its future at RMIT. The second part of the 
literature review describes learning theories, personality theories, learning styles, 
learning style inventories, student approaches to learning and learning styles and 
students’ academic performance. The third section of the literature review explores 
PBL and TTL methods of teaching and learning. The fourth section examines 
students’ participation in group discussions, group learning and student perception 
about the PBL learning process. Chapter 3 illustrates the research design. It includes 
the hypotheses of the study, research questions, methodology, research participants, 
data gathering techniques, evaluation of instruments used, procedure for the study, 
student interviews and data entry and analysis. Chapter 4 explains the data analysis 
carried out by using the Excel spread sheet and SPSS Version 13 statistical software 
program. Chapter 5 provides discussions of the results of the analyses, research 
findings, answers to the research questions, limitations of the study, recommendations 
for better teaching & learning and suggestions for future research. A summary of the 
chapter is given at the end of each chapter. 
 
1.6 In Summary 
 
Research findings suggest that each individual has preferred learning styles. 
Knowledge of students’ learning style preferences will guide teachers in selecting 
appropriate and varied teaching methods to cater for all students. On the other hand 
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growth of multicultural societies and the influx of international students into all 
universities of developed countries call for an understanding of the dynamics of a 
multicultural classroom. In addition to the two factors above, the rise of PBL in 
medical and allied health education fields requires students from diverse backgrounds 
and different learning styles to adapt to this often unfamiliar mode of learning. It is in 
view of these current trends in education that this study seeks to investigate the effect 
of students’ learning style preferences on performance under PBL and TTL strategies 
in multicultural classrooms. The study probes further to investigate student 
participation in group discussions in PBL. First this study is unique in its setting of a 
multicultural classroom of international students from diverse linguistic, cultural and 
educational backgrounds in transition from school to higher education. Secondly, the 
study seeks to investigate the influence of learning styles on performance and 
participation in this unique classroom situation. Thirdly, the researcher seeks to 
develop instruments for assessing students’ participation in PBL. 
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Chapter 2 
 
Literature Review 
 
 
2.1 Introduction 
 
This study examines students’ approaches to learning in the light of learning theories 
and personality theories, for a cohort of International students in Foundation Studies 
(FS) Biology classes from 2003 to 2006 at the Royal Melbourne Institute of 
Technology (RMIT). The aim of the study is to determine the preferred learning styles 
(LS) of these international students and investigate whether these have any effect on 
performance in Biology assessments when taught under two different methods of 
teaching. The study uses mainly quantitative methods supported by some qualitative 
analyses of interview data. The literature reviewed for this study is related to all of the 
above concepts and is organised into the following areas of interest: 
• Foundation Programs (FPs) and Foundation Studies (FS) 
• Learning Theories (LT)  
• Personality Theories (PT) 
• Learning Styles (LS)  
• Learning Style Inventories (LSI)  
• Students’ Approaches to Learning (SAL)  
• Learning Styles and Students’ Academic Performance 
• Problem-Based Learning (PBL) and Traditional Teaching and Learning (TTL)  
• Students’ Participation in PBL Group Discussions (SPGD)  
• Student’s Self-Evaluation (SSE)  
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2.2 Foundation Program (FP) and Foundation Studies (FS) at the Royal Melbourne 
Institute of Technology University (RMIT) 
 
Foundation Programs (FPs) at RMIT include the Victorian Certificate of Education 
(VCE), the Victorian Certificate of Applied Learning (VCAL) and Foundation 
Studies (FS). VCE and VCAL are accredited programs under the supervision of 
Victorian Curriculum Assessment Authority (VCAA) (VCAA, 2006). Mainly 
students from Australia join in these courses although a few international students are 
also admitted according to their preferences and future needs. However, FS is an 
accredited program offered to only international students and is recognised for entry 
to diploma and degree programs by Australian universities, Tertiary and Further 
Education (TAFE) colleges and Higher Education Institutions elsewhere (RMIT, 
2006). No local Australian student would be admitted to FS. The FS is a Pre-
University course with special focus on preparing international students for tertiary 
education. 
  
 
Many students come to Australia to follow study pathways through the education 
system, rather than limit their study to one area of education (AEI, 2006). This is true 
for the Foundation Students in the Science, Engineering and Technology (SET) 
portfolio at RMIT. The SET portfolio offers four different pathways namely Applied 
Science, Life Science, Engineering and Computer Science with various options of 
course selections. Students must complete a minimum of 96 credit points of which 24 
must be in English to graduate (RMIT, 2006). However, most students enroll for 120 
credit points and widen their opportunities for various options available in tertiary 
education. On successful completion of FS, students have various pathways to 
continue their education in tertiary education. Various study pathway options are 
given in Figure 2.1.   
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Foundation Studies (FS) 
 
 
    TAFE TAFE 
   Associate Degrees  Diploma Courses 
 
 
 
University  
Degrees and Diplomas 
 
Figure 2.1   Study pathways after Foundation Studies at RMIT 
 
Australia’s tertiary education sector places significant reliance on an income stream 
generated from international students (DEST, 2005). At the same time many Asian 
nations have implemented developments to their education programs by providing  
better teaching and learning facilities (Medew, 2005). This could lead to a reduction 
in numbers of students seeking higher education outside these countries. This causes a 
dilemma for many students when weighing benefits of studying in Australian 
Universities and in their own countries. Accordingly several Australian tertiary 
education institutions now appear to give more careful attention to this dilemma 
which many international students find themselves in, as it could lead to financial and 
social implications for Australia. International education not only provides 
universities with revenue but also brings in cultural contributors to Australian society 
and the higher education sector. At the same time international education is important 
to international students themselves as well as their own families and nations 
(Deumert, Marginson, Nyland, Ramia, & Sawir, 2005). It is in this context that the 
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researcher finds the FS program at RMIT to be of great importance. At RMIT, all FS 
students are international students. On completion of FS, most of these students 
continue their tertiary education at RMIT. Therefore, it is an opportunity for RMIT as 
well, to groom a group of international students each year in its own cultural 
conventions and educational ethos. It is an avenue for sowing the seeds of student- 
centred education for a group of future tertiary students at RMIT in each year. It 
makes learning more enjoyable, effective and stress free for both students and 
teachers at the tertiary level.   
 
2.3 Learning Theories (LT) 
 
In the literature learning is defined both as a process and as a product. It is a process 
of acquiring knowledge or information, storing information, acquiring skills that can 
be retained and applied as necessary, making sense or abstracting meaning by relating 
parts of the subject matter to each other and comprehending the world by 
reinterpreting knowledge (Ramsden, 1992). The process results in an outcome or 
formation of product, and in this learning context, the product is change in behaviour 
or understanding. In simple terms we can say change in behaviour or understanding is 
the product as a result of the process of learning. The focus on the process of learning 
leads us to the realm of learning theories (Merriam & Caffarella, 1999). In my 
research context of students’ approaches to learning, learning is viewed both as a 
process and a product. However, no single Learning theory can explain all aspects of 
learning (Quinn, 1995). So I have focused on five learning theories: behavioural 
learning theories, cognitive learning theories, constructive learning theories, 
humanistic learning theories and post-modern learning theories. These are relevant to 
the context of my research, which is international students undertaking FS Biology at 
RMIT. 
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The following matrix in Table 2.1 explains the main learning theories/ models that are 
relevant to this research.  
 
Table 2.1 Matrix of learning theories relevant to this study 
 
 Learning theories/models Main proponents 
1 Behaviourism: stimulus-response model Skinner (1989) 
2 Cognitivism: 
• Spiral step learning model  
 
• Assimilation learning model 
• Discovery learning or inquiry 
learning model 
 
• Events of instruction learning 
model 
 
Lewin (1948) 
 
Ausubel (1963) 
 Bruner (1967) 
 
 
Gagne (1985) 
3 Constructivism 
• Cognitive constructive learning 
model 
• Social constructive learning model 
• Reflective thought and action model 
• Experiential learning model 
 
Piaget (1936) 
 
Vygotsky  (1934) 
Dewey (1966) 
 Kolb (1984) 
4 Humanistic learning theories 
• Instinctive and learned behaviour 
model 
• Student-centred learning model 
 
Maslow (1970) 
 
Rogers (1969, 1983) 
 
5 Post-modern learning theories Michel Foucault (1972)  
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2.3.1 Behavioural Learning Theories 
 
 
Behaviourism is a learning theory, which purports that learning is the acquisition of 
new behaviour. Behaviourists identified conditioning as a learning process. There are 
two types of conditioning, classic conditioning and operant conditioning or 
behavioural, and each results in a different behavioural pattern (Quinn, 1995). Classic 
conditioning occurs when a natural reflex responds to a stimulus. Operant 
conditioning is a process, both named and investigated by B. F. Skinner and occurs 
when a response to a stimulus is reinforced (Bigge, 1976). Behaviour may result 
because of positive reinforcement techniques like rewards and negative reinforcement 
techniques like punishment. Positive reinforcement techniques may increase the 
occurrence of a particular behaviour again and negative reinforcement techniques 
decrease the likelihood of the same behaviour recurring in future. In this context, 
learning is a behaviour that depends on learned responses from external stimuli, hence 
the term Stimulus-Response (Quinn, 1995). Skinner further proposes that a better 
explanation for the process is the consideration of the circumstances in which humans 
find themselves (Skinner, 1989). Thorndike, Pavlov, Watson, Guthrie, Hull, Tolman 
and Skinner are well known behaviourists, who have contributed to a great deal of 
knowledge in learning theories (Hilgard & Bower, 1975). 
 
 
There are many criticisms against behaviourism. Behaviourism does not account for 
all kinds of learning as it disregards the activities of the mind, it does not explain 
some learning such as the recognition of new language patterns by children and it 
does not explain how humans adapt their reinforced patterns to new information 
(Phillips & Soltis, 2004). However, in spite of these criticisms, the behaviourist 
theories have been applied both to learning in general and in education (Quinn, 1995).  
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2.3.2  Cognitive Learning Theories 
 
Cognitivism or cognitive information processing became dominant over behaviourism 
towards the end of 1950s. Gestalt psychologists were not happy with behaviourism as 
they were more concerned with cognition, the act or process of knowing. For them, 
perceptions of learning should be approached as a pattern or whole rather than the 
sum of the component parts. The main exponents of this school of thought include 
Lewin, Ausubel, Bruner and Gagne. Lewin (1948) has deepened our understanding of 
experiential learning and action research and his approach of learning involves a 
spiral of steps. Lewin’s spiral steps in learning are as given in Figure 2.2. 
 
 
Figure 2.2   Lewin’s spiral steps in learning 
 
 
Ausubel (1963) proposed that learning takes place through assimilation. He designed 
a four dimensional cognitive learning model characterised by a continuum between 
rote and meaningful learning on the one hand and reception and discovery on the 
other. Ausubel’s learning model is as given in Figure 2.3. 
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Figure 2.3   Ausubel’s assimilation learning model 
 
Bruner proposed an inquiry or discovery model of learning (Bruner, 1967). The 
discovery that Bruner refers to is a way of thinking. It does not refer to new issues. 
This involves the reconstruction of the already known information in such a way that 
one is able to see beyond the obvious, to gain new insights. His conceptions of 
humans is that they are information processors, thinkers and processors (Bigge, 1976). 
Problem-Based Learning (PBL) offers one of the best methods of facilitating 
students’ discovery learning because it provides students with the guided practice in 
inquiry and the cognitive conflicts through which students expand their conceptual 
frameworks (Driscoll, 1994). Discovery learning is an approach to instruction through 
which students interact with their environment by exploring and manipulating objects, 
wrestling with questions and controversies or performing experiments (Ormrod, 
1995).  
 
 
According to Gagne (1985), human beings can be grouped into specific varieties of 
capability and specific pre-requisites are necessary for learning a variety of skills. 
Rote Learning 
Discovery Learning 
Meaningful Learning 
Reception Learning 
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Gagne created a nine-step process called the events of instruction that correlates to 
and addresses the mental conditions of learning (Gagne, Briggs, & Wager, 1992). The 
Table 2.2 explains Gagne’s nine events of instruction and the corresponding internal 
mental process. 
 
 
Table   2.2   Gagne’s (1985) learning model 
 
 Instructional Event Internal Mental Process 
1 Gain attention Stimuli activates receptors 
2 Inform learners of objectives Creates level of expectation for learning 
3 Stimulate recall of prior learning Retrieval and activation of short-term 
memory 
4 Present the content Selective perception of content 
5 Provide learning guidance Semantic encoding for storage long-term 
memory 
6 Elicit performance (practice) Responds to questions to enhance encoding 
and verification 
7 Provide feedback Reinforcement and assessment of correct 
performance 
8 Assess performance Retrieval and reinforcement of content as 
final evaluation 
9 Enhance retention and transfer to 
the job 
Retrieval and generalization of learned skill 
to new situation 
 
In cognitivism, the goal of learning is to do a task the same way to enable consistency 
(Schuman, 1996). Learners may do a task by setting a goal, analysing the information, 
breaking the information into small chunks and measuring the performance against 
the set goals. However, the way the learner learns may not be the best way of 
understanding things or suited to the learner or to the situation. 
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2.3.3  Constructivist Learning Theories 
 
Constructivism views learning as a process of building new knowledge from one’s 
own experiences (Bigge, 1976). A learner actively constructs or builds new 
knowledge based upon past and current knowledge. Terms like knowledge building, 
discovery learning, generative learning, experiential learning, learning by solving 
problems or learning by exploring are a few common terms used by researchers to 
explain the learning process in constructivism. Constructivism falls somewhere 
between cognitive and humanistic views (Kolb, 1984). In this model, the role of a 
teacher is as a facilitator, who encourages students in building new knowledge by 
solving problems. In constructivism the knowledge building process is viewed both as 
a cognitive and a social process.  
 
 
Cognitive constructivism is about how an individual learner understands things in 
terms of developmental stages. Piaget’s theory (1932) is widely regarded as a 
cognitive constructive theory (Lawton et al., 1978). Piaget explained cognitive growth 
as a process characterised by adaptation and integration. He viewed learning to be an 
interaction between the individual and the environment, a view shared by Lewin and 
Dewey (Kolb, 1984). He identified six basic processes in learning like sorting, 
classification, seriation, number construction, space relations and temporal relations. 
Each of these processes develops in stages and is termed as developmental stages by 
Piaget (Bigge, 1976). Piaget identified four cognitive developmental stages by 
observing children as shown in Figure 2.4. 
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Figure 2.4   Piaget’s (1932) cognitive developmental stages 
 
Social constructivism emphasises how meanings and understanding grow out of social 
encounters.  Most significant bases of social constructivist theory were laid down by 
Vygotsky in his theory of the ‘Zone of Proximal Development’ (Wertsch, 1985). For 
Vygotsky, the development of language, articulation of ideas and culture are central to 
learning and development (Vygotsky, 1934). Humans are the only species to have 
created culture and every child develops in the context of a culture. Hence a child’s 
learning development is affected either to a small or large extent by culture and family 
environment (Vygotsky, 1934). In addition to Vygotsky, other social scientists like 
Bandura and Lave also emphasised the central role of social learning (Bandura, 1986).  
 
 
John Dewey’s (1966) reflective thought and action model is based on the fundamental 
difference between routine action and reflective action (Farrell, 1998).  Routine action 
is guided by tradition, instruction and imitation, whereas reflective action is based on 
active, persistent and careful consideration in solving a problem. He explains how 
Fourth stage:  Formal operational (12 yrs onwards) 
Third stage: Concrete-operational (7-12 yrs) 
Second stage: Pre-operational (2-7 yrs) 
First stage: Sensory-motor (15-24 months) 
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learning transforms impulses, feelings and desires of concrete experience into 
purposeful action. Dewey further suggests some prerequisites for learning from 
experience. First, the postponement of immediate action is essential for observation 
and judgment to occur. Secondly, the initiation of action to ensure the achievement of 
the purpose. He concludes that the development of meaningful action from blind 
impulses is attained through the integration of these opposing yet related processes 
(Kolb, 1984).  
 
 
Kolb’s experiential model starts with two dimensions, which are considered to be 
orthogonal to each other (Felder & Silverman, 1988). The first dimension is the 
dichotomy between Active Experimentation (AE) and Reflective Observation (RO). 
This dimension refers to how individuals prefer to transform experience into 
knowledge (Kolb, 1984). Individuals who do AE are likely to get things done and see 
results. RO results in examining ideas from several angles and hence it delays action. 
The second dimension is the dichotomy between Abstract Conceptualization (AC) 
and Concrete Experience (CE). This dimension explains how an individual takes in 
information (Kolb, 1984). AC leads to logical analysis, abstract thinking and 
systematic planning. Individuals who prefer CE want specific experiences and 
personal involvement.  
 
 
Like any other learning theory, constructivism has both strengths and weaknesses 
(Dick, 1991). The strengths of constructivism include two important factors. The 
learner is able to interpret multiple realities and the learner is better able to deal with 
real life situations by the application of existing knowledge to a novel situation. The 
main weakness is that when conformity is essential, divergent thinking and action 
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may cause problems. The critics of this learning model point out  that this model is 
very subjective, assessment of a learner’s understanding is difficult and it is time 
consuming and difficult to develop problems that will motivate all learners to 
participate in the learning process especially in a large classroom environment. The 
model is limited by its emphasis on the view that experience is limited to the concrete 
and the affective (Jarvis, 1987). Jarvis argues that responses to social situations may 
contain emotional as well as intellectual elements. The model is thus criticised on the 
basis of limiting the scope of the learning experience. 
 
 
2.3.4  Humanistic Learning Theories 
 
Maslow (1970) and Rogers (1969) are the main proponents of this school of thought. 
According to humanistic learning theory, an inner drive called instinct encourages 
humans to express themselves, and it leads to instinctive behaviours. Instinctive 
behaviours are inherited rather than learned through experience and they occur due to 
stimuli. However, these instinctive behaviours lead individuals to learn through 
experience and that learning through experience results in learned behaviours. All 
humans perform both instinctive and learned behaviours. Learned behaviours finally 
result in expressing themselves to satisfy their needs. To be wise and mature humans 
learn from unique experiences. Maslow viewed experience as an important source of 
learning rather than repetition and re-enforcement (Maslow, 1970). However, Maslow 
acknowledges that learning is a complex process and a lot is not known about how 
learning occurs (Bigge, 1976). 
 
 
Rogers, another humanist, revolutionised education and learning in 1980’s by 
introducing the student-centred approach, the non-directive role of the teacher and the 
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role of the environment in the learning process (Jaques, 1987). He emphasised the 
importance of the relevance of learning issues, student participation and participation 
in self-evaluation. He explained the teacher’s role as a facilitator and as a provider of 
resources. The teacher should also be available to share knowledge as well as feelings 
with the students (Rogers, 1983).  
 
 
An important factor in the humanist theory of learning is its holistic approach of 
learning (Quinn, 1995). Criticisms against the humanists’ way of thinking are related 
to the lack of empirical evidence for their claims (Rogers, 1983). Their claims are 
based on observations and assumptions of human behaviour.  
 
 
2.3.5 Post-modern Learning Theories  
 
In the late 20th century, there were scholars who described the world as post-modern.  
Post-modernism is not easy to define because of the nature of the theory itself. It is an 
eclectic and elusive movement characterized by its criticism of western philosophy 
(Wonacott, 2001). It  originated primarily in France during the 1950s and the most 
influential early post-modern philosophers were Michel Foucault, Jean-Francosi 
Lyotard and Jacques Derrida (Rorty, 1979).  It is as much a philosophical movement 
as it is a learning theory. Multiple perspectives and theories are respected in post-
modern theories (Kilgore, 2001). This school of thought  states that truth and 
knowledge are not based on a fixed foundation of objective reality, instead truths are 
located in specific sociocultural contexts, outside of which no vantage point exists 
(Leicester, 2000). According to this theory, knowledge can be contradictory and, 
rationality and logic are not important in knowledge acquisition. Individuals can hold 
two completely incongruent views of one subject at the same time because of the 
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contextual nature of knowledge (Wonacott, 2001). Post-modernism denies that 
knowledge can be objective, arguing that knowledge is in fact subjective to cultural 
preferences (Kilgore, 2001). Their claim is that knowledge has to be made with 
linguistic and other meaning-making resources of a particular culture or even a mere 
subsection of the culture that happens to be relatively more powerful (Wonacott, 
2001). For instance the views of a culture may well be dictated by the upper class or 
males of the society. Another perspective would be that post-modernists consider 
ideal learning primarily as a self-taught thing (Leicester, 2000). Thus in this view 
classrooms and often schools do not fit the model of perfect learning. 
 
 
Post-modern theorists view knowledge as tentative, multifaceted and not necessarily 
rationally connected to any motivation or interest. It has given us valuable insights 
about knowledge acquisition. According to this way of thinking, no inquiry is value-
free and all knowledge is human made, but this is not to say that all knowledge is just 
made up (Wonacott, 2001). Critics of this thought regard that post-modern theory as 
often highly and needlessly nuanced, elliptical and difficult to understand (Mourad, 
1997). Some disagree with postmodernists view on objective reality and on our ability 
to know that reality accurately. Others question the quality of some post-modern 
writing and thought. 
 
 
From the above literature it is clear that no single learning theory can explain the 
processes of learning, knowledge and skill acquisition and application of the skills 
and knowledge. While behaviourism focuses on the response to a stimulus and change 
in observable behaviour, cognitivism emphasises on the thought process that happens 
behind the behaviour. Lewin’s spiral steps (Lewin, 1948), Ausubel’s learning through 
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assimilation (Ausubel, 1963), Bruner’s discovery model and the importance of 
student-centred approach of learning (Bruner, 1967), and Gagne’s specific pre-
requisites for learning a variety of skills in cognitivism are all essential components of 
the Problem Based approach of learning (Gagne, Briggs, & Wager, 1992). Cognitive 
growth as a process characterised by adaptation and integration (Piaget, 1983), the 
development of language, articulation of ideas and culture (Vygotsky, 1934) and the 
reflective thought and action (Dewey, 1966) are all applicable to PBL. In addition 
experiential learning (Kolb, 1984), holistic approach of learning (Maslow, 1970; 
Rogers, 1983), knowledge acquisition in post-modern learning model (Foucault, 
1972) are equally relevant to PBL. 
 
 
2.4 Personality Theories (PT) 
 
In 2.1 of this chapter learning is described as a process. It is a process of gathering 
information, storing information, processing information and applying the information 
when there is a need (Ramsden, 1992). The method of processing information is 
based on the characteristic patterns of thoughts, feelings and behaviour of a person 
and this characteristic pattern of thoughts, feelings and behaviour makes a person 
unique and is called the personality of a person (Jung, 1967). Again in 2.1 learning is 
defined as a product of change in understanding and behaviour of a person (Ramsden, 
1992). It is a product of something induced from the outside which results in 
conditioned learning (Skinner, 1989) or something originated from the inside of a 
person that results in insightful learning (Maslow, 1970). Personality arises from 
within the individual and remains fairly consistent throughout life and each person is 
unique in terms of personality, which includes behavioural, temperamental, emotional 
and mental attributes (Ramsden, 1992).  
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There are mainly three theories that explain how personality develops and these 
theories address how people tend to think, feel and behave and what causes these 
tendencies. They are Behavioural theories, Psychodynamics theories and Humanist 
theories. Behavioural theories suggest that personality is a result of interaction 
between the individual and the environment (Skinner, 1989). Psychodynamics 
theories suggest that the unconscious mind is a reservoir of feelings, thoughts, urges 
and memories and all people have an unconscious mind in addition to their conscious 
mind (Freud, 1940). Most of the contents of the unconscious mind are unacceptable or 
unpleasant such as feelings of pain, anxiety or conflict. The unconscious mind 
continues to influence our behaviour and experience even though we are unaware of 
these underlying influences (Freud, 1921). Humanist theories suggest the importance 
of free will and individual experience in the development of personality and are   
focused on each individual’s potential and stress the importance of growth and self-
actualization or the process of reaching one’s personal goals (Maslow, 1968). 
According to humanist theory people are innately good and deviations from this 
natural tendency happen due to mental and social problems (Rogers & Russell, 2002).  
Personality is the supreme realization of the innate idiosyncrasy of a living being 
(Jung, 1971). Personality is a dynamic organisation of psychophysical systems within 
a person that create a person’s characteristic patterns of behaviour, thoughts and 
feelings (Carver & Scheier, 2000). The manifestation of these three psychological 
theories can be observed in Jung’s theory of personality types. Personality is an act of 
high courage flung in the face of life, the absolute of all that constitutes the individual, 
the most successful adaptation to the universal condition of existence coupled with 
greatest possible freedom for self-determination (Jung, 1971).  
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2.5    Learning Styles (LS) 
Learning style is that consistent pattern of behaviour and performance by which an 
individual approaches educational experiences. The term Learning Style (LS) was 
first used in the 1970s, and since then a number of research studies have been 
conducted in this particular area (Biggs, 1979). The literature reviewed offers a 
number of definitions for the styles of learning by various researchers. Learning style 
is a personal quality that influences students’ ability to acquire information, to interact 
with peers and teachers and participate in learning experiences (Grasha, 1996). 
Learning styles are biologically and developmentally determined sets of personal 
characteristics that make the identical instruction effective for some students and 
ineffective for others (Dunn & Dunn, 1993). The learning style of each person is 
based on the mode of how information is gathered, processed and applied when it is 
needed. Learning style models are based on learning theories especially cognitive 
theories and brain lateralization theory (Dunn & Griggs, 2000). Cognitive theories 
suggest that individuals process information differently from each other on the basis 
of learned or inherent traits (Kolb, 1984).  
 
 
Information processing distinguishes the way we think, the way we solve the problem 
and the way we remember the information. Each person has a preferred, consistent 
and distinctive way of perceiving, organizing and retaining information. Learning 
style is an individual’s characteristic approach to learning or it is the preferred method 
of processing information (Entwistle, 1981). There are four theories that explain 
information processing categories of learning styles. They are stage theory, levels-of 
processing theory, parallel-distributed processing theory and connectionistic theory 
(Huitt, 2003). The stage theory refers to the encoding and retrieving processes of 
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storing memories and the information is processed sequentially (Schacter, 1996). The 
key point in levels-of processing theory is that the information is processed through 
different levels such as perception, labeling and finally recording the meaning (Craik 
& Lockhart, 1972). The parallel-distributed processing theory states that the 
information is processed by several different parts of the memory system 
simultaneously rather than sequentially (Goleman, 1995). The connectionistic theory 
emphasizes that information is stored in multiple locations throughout the brain in the 
form of networks of connections (Rumelhart & McClelland, 1986). 
 
 
The brain lateralization theory demonstrated that the left hemisphere of the brain 
appears to be associated with verbal and sequential abilities whereas the right 
hemisphere appears to be associated with emotions and spatial processing (Luria, 
1945). It has been shown that different hemispheres of the brain contain different 
perception avenues (Shwartz, Davidson, & Maer, 1975). Several types of cells present 
in some brains are not present in others and such differences occur throughout the 
brain's structure (Stronck, 1980). However, these conclusions are questioned by 
various researchers. Nevertheless, it is clear that people begin to concentrate, process 
and remember new and difficult information under very different learning conditions.  
 
 
It is well established that students are not all the same and that individual differences 
influence both their learning and their academic achievement (Riding, 2005). Such 
differences may include their interest and interaction with the learning goals, learning 
areas they are studying and their responses to the learning environment. Learning 
style is used to explain various ways that students respond to stimuli in a learning 
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environment and their particular ways of acquiring, interpreting and using information 
(Dunn & Dunn, 1993). 
 
 
2.5.1 Learning Styles and Teaching 
It is a challenging task to accommodate all individual differences, optimise the 
learning environment and engage and support students together effectively (Felder, 
1993). It can be fraught with difficulties. Keefe (1991) describes learning style as both 
a student characteristic and an instructional strategy. As a student characteristic, 
learning style is an indicator of how a student learns and likes to learn and as an 
instructional strategy, it informs the cognition, context and content of learning (Keefe, 
1991). If educators are to successfully address the needs of the individual they have to 
understand what "individual" means. They must relate teaching style to learning style 
(Gregorc & Ward, 1977). Comprehension of individual differences and learning styles 
can provide teachers with the theory and knowledge upon which decisions can be 
made. Once a teacher has determined why a student responds in a certain way, then 
they can make more intelligent decisions about instruction methods (Reiff, 1992). 
Recent developments in learning style research have produced a variety of efficient 
ways of gathering information about students.  When the learning styles are assessed 
and shared with learners, students become involved in structuring how they will learn 
what is taught. This is an important step in creating the independent learner. Several 
research studies have demonstrated that students can identify their own learning styles 
and when exposed to a teaching style that matches their learning style, students score 
higher on tests than those not taught in their preferred learning style (Felder, Felder, & 
Dietz, 2002). Researchers have shown that the configuration between students’ 
learning styles and instructors’ teaching styles leads to better understanding in the 
 33
learning area (Kember & Gow, 1994). Felder (1993) reported that alignment between 
students’ learning styles and an instructor’s teaching style leads to better recall and 
understanding, as well as to more positive post-course attitudes (Felder, 1993). It has 
been reported that teaching is most effective when it caters for a range of learning 
styles, in part because occasionally having to learn in a less preferred style helps to 
broaden students’ range of skills (Felder, Felder, & Dietz, 2002). Hence the 
instructional materials used by a teacher would be different to accommodate the 
preferred mode of each student in a classroom-learning environment (Keefe, 1979). It 
is likely that in the tertiary education setting, students’ learning style preferences 
would be established and hence there would be a risk that incompatible learning 
environments may lead to students’ negative attitude towards learning and resulting in 
achieving lower scores on assessments and increased rates of changing or 
withdrawing from courses (Felder, 1993). Educators must learn to base programs on 
the differences that exist among students rather than on the assumption that everyone 
learns the same way (Keefe, 1987a). Learning styles influence how students learn, 
how teachers teach, and how they interact (Reiff, 1992). 
 
 
2.5.2 Learning Style Models 
 
Learning styles can be classified into three main categories or models based on how 
we perceive information, how we process information and on personality patterns 
(Entwistle, Tait, & McCune, 2000). Perceptual modalities refer to the primary way 
our bodies take in information like auditory, visual, kinaesthetic and tactile styles 
(Kolb, 1984). It is advantageous to teach and test students in their preferred modalities 
(Dunn & Dunn, 1978). Learning modalities are the pathways or sensory channels 
through which individuals give, receive, and store information (Eislzer, 1983). 
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Personality modalities refer to the processing of information based on characteristic 
patterns of thoughts, feelings and behaviour of a person (Jung, 1967). Most students 
learn with all of their modalities but have certain strengths and weaknesses in a 
specific modality (Reiff, 1992). Modality-based instruction is an effective means to 
reach all learners and it consists of organizing around the different modalities to 
accommodate the needs of the learner (Kolb, 1984). It again consists of using a 
variety of motivating techniques, providing introduction to knowledge and then 
providing alternative strategies when a student fails to grasp the skill or concept 
(Eislzer, 1983). If a learner does not initially understand the lesson, the teacher needs 
to intervene, personalize instruction and reteach using a different method (Reiff, 
1992). However, Gardner (1983), established seven intelligences or modalities that 
link to learning styles, but most people retain a dominant and an auxiliary learning 
modality. The seven intelligences are: 
i. linguistic intelligence which is sensitive to the meaning and order of words  
ii. musical intelligence which is sensitive to pitch, melody, rhythm and tone 
iii. logical-mathematical intelligence which is able to handle chains of reasoning 
and recognize patterns and order 
iv. spatial intelligence that perceives the world accurately and try to recreate or 
transform aspects of that world 
v. bodily-kinesthetic intelligence that are able to use the body skillfully and 
handle objects adroitly 
vi. interpersonal intelligence that understand people and relationships 
vii. intrapersonal intelligence that possess access to one’s emotional life as a 
means to understand oneself and others. 
 
 35
Then an eighth intelligence, naturalist intelligence was identified (Gardner, 1999). 
The naturalist intelligence refers to the ability to recognise and classify plants, 
animals, minerals and all varieties of flora and fauna. 
 
 
The purpose of learning styles research is to identify clusters of people who use 
similar patterns for perceiving and interpreting situations and use this information to 
adjust educational environments to make them more efficient and successful 
(Zinkiewicz, Hammond, & Trapp, 2003). In addition, research suggests that learning 
styles are not fixed and deterministic, but can be modified over time and for different 
purposes in different classroom contexts. Students in the distance education class 
were significantly more independent learners than students in the equivalent on-
campus class (Diaz & Cartnal, 1999). In addition, students enrolled in the on-campus 
class were significantly more Dependent learners than the students enrolled in 
distance education. 
 
 
How we learn things in general and the specific approach we use in solving problems 
are said to depend on a link between personality and cognition. This link is referred to 
as cognitive style (Keefe, 1979). When cognitive styles are related to an educational 
context, they are referred to as learning styles. Cognitive, affective and physiological 
traits are relatively stable indicators of how learners perceive, interact with and 
respond to the learning environment (Keefe, 1979).  
 
Learning styles may differ by achievement level (Milgram, Dunn, & Price, 1993), 
gender (Piazzo, Dunn, & Dunn, 1990), age (Price, 1980), culture (Dunn & Griggs, 
1995)and by brain processing, whether global or analytic (Dunn, Bruno, Sklar, & 
Beaudry, 1990).  
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Learning problems frequently are not related to the difficulty of the subject matter but 
rather to the type and level of cognitive process required to learn the material (Keefe, 
1988). Learning has taken place when we observe a change of learner behaviour 
resulting from what has been experienced. Similarly, we can recognize the learning 
style of an individual student only by observing his/her overt behaviour. Learning 
style is a consistent way of functioning that reflects the underlying causes of learning 
behaviour. Each person is born with certain preferences toward particular styles, but 
these preferences are influenced by culture, experience and development. Keefe 
(1987) asserts that perceptual style is a matter of learner choice, but that preference 
develops from infancy almost subconsciously. A teacher alert to these preferences can 
arrange for flexibility in the learning environment (Keefe, 1987). Planning appropriate 
and varied lessons will improve both instructional and classroom management. 
Realistically, a teacher cannot be expected to have a different lesson for every child in 
the classroom, however, lessons can reflect an understanding of individual differences 
by appropriately incorporating strategies for a variety of styles. When individual 
differences are considered, many researchers claim that students will have higher 
achievement, a more positive attitude, and an improved self-concept (Reiff, 1992). No 
educational program can be successful without attention to the personal needs of 
individual students. A single approach to instruction whether traditional or innovative, 
simply does not do the job.  
 
 
Students who understand their own learning styles and who exercise active control 
over their cognitive skills do better in school. They are better adjusted, have more 
positive attitudes toward learning and achieve at higher levels than their less skilful 
peers (Keefe, 1991). Learning style theory predicts that matching learning preference 
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with learning style will enhance learning. It was found evident in a study of Wessex 
general practice registrars. A wide range of registrar learning styles exists in Wessex, 
and initial correlations are described between learning preferences and learning styles 
as predicted by style theory (Lesmes-Anel, Robinson, & Moody, 2001). There is also 
evidence that consistent instructional strategies are determined firstly on the basis of 
the type of content to be taught or the goals of the instruction and secondly learner 
style determines the value of the parameters that adjust these fundamental learning 
strategies (Lesmes-Anel, Robinson, & Moody, 2001). 
 
 
The content-by-strategy interactions take precedence over learning style-by-strategy 
interactions regardless of the instructional style (Merrill, 2000). Merrill (1999) even 
denies a primary role of learning style for success of learning. He concentrates on 
scientific principles for instructional strategies and design to be consistent with the 
instructional goal. Therefore he considers learning styles to be effective for fine-
tuning an instructional strategy only (Merrill, 1999).  
 
 
One of the main weakness in the application of learning style is that learning style 
attempts to intervene with the teaching and learning of the teacher and student, 
respectively, without taking into account the complex context of the teaching and 
learning environment (Coffield, Ecclestone, Hall, & Moseley, 2004). 
 
 
Interests, abilities and learning styles are three factors for harvesting the talent of 
gifted students (Renzulli, 1997). In addition, thinking style affects the ability of gifted 
students (Sternberg, 1997).  Ability means how well a person can do a certain task 
and a style means how a person wants to perform a task. A study on the thinking and 
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learning style of the gifted students showed that gifted students showed more 
legislative, executive, judicial and liberal thinking style than the ordinary students 
(Sternberg, 1997). 
 
 
In another research study both gifted IT and ordinary students were grouped into self-
oriented, peer oriented and adult oriented on the basis of their problem-solving 
preferences. Students in all these three groups expressed their preference of solving 
problems by themselves (Kim, Yoo, Yeum, Cha, & Lee, 2005). Again students were 
classified on the basis of their preferred classroom learning styles like lecture, 
discussion, cooperative learning and individual learning. The gifted students preferred 
discussion style of class more than ordinary students and the difference in lecture, 
cooperative and individual learning between gifted and ordinary students were 
statistically insignificant (Kim, Yoo, Yeum, Cha, & Lee, 2005). Hence the study 
shows that both groups showed similar tendency in lecture, cooperative and individual 
styles of learning. However, in this study the magnitude of preferences or magnitude 
of similar tendencies are unable to be measured as no measure of spread is supplied. 
 
 
These students seek new ways of problem solving and have the ability of building 
their own ways of solving problems. Therefore it is necessary to provide the learning 
materials or instructional methods that match with their thinking styles. In an ordinary 
classroom setting, it is difficult to provide a customized learning program to the 
individuals of the IT gifted. One of the solutions to these problems is e-learning. 
 
 
Our style of learning, if accommodated, can result in improved attitudes toward 
learning and an increase in productivity, academic achievement and creativity. 
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Several research studies have demonstrated that students can identify their own 
learning styles. When exposed to a teaching style that matches their learning style, 
students score higher on tests than those not taught in their learning style. It is 
advantageous to teach and test students in their preferred modalities (Dunn & Dunn, 
1978). 
 
 
However, using one teaching style or learning style exclusively is not conducive to a 
successful educational program (Dunn & Dunn, 1978). All students can benefit from a 
responsive learning environment and from the enhancement of their learning skills 
(Reefe, 1991).  
 
 
The concept of learning styles offers a value-neutral approach for understanding 
individual differences among ethically diverse students. Learning styles are described 
using descriptors that are bipolar, representing a continuum. For example, 
Extroversion and Introversion are traits that serve as descriptors along one such 
continuum. No value judgment is made where a learner falls on such continua. This 
means that each individual’s learning style is somewhere on each continuum which 
accounts for individual differences and no value judgement is made as to which trait 
along the dimension is better. Hence learning style offers a value neutral approach. 
 
 
2.6 Learning Style Inventories (LSI) 
A number of Learning Style Inventories are available for assessing students’ preferred 
mode of learning (Montgomery & Groat, 1998). These LSI are classified into four  
models (Curry, 1990). There are personality models that focus on how differences in 
personality shape orientations towards the world. There are information processing 
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models that focus on how information processing preferences affect learning. Then 
there are social interaction models that focus on ways in which students in specific 
contexts will behave in the classroom. Lastly there are instructional preference 
models, which identify five dimensions of student learning style preference namely 
environmental, emotional, sociological, physiological and psychological. The Myers-
Briggs Type Indicator (MBTI) is a well known personality model (Myers, 1993). 
Kolb’s approach to experimental learning is an example of the information processing 
model (Kolb, 1984). Perry’s model is an example of the social interaction model 
(Perry, 1970). Dunn’s model is an example of the instructional preference models 
(Dunn, Dunn, & Prince, 1985).  
 
 
The researcher believes that the method of processing information depends on the 
type of personality. Personality is made up of the characteristic patterns of thoughts, 
feelings and behaviour that make a person unique (Curry, 1990). In addition to this, 
personality arises from within the individual and remains fairly consistent throughout 
life (Saul & Wenar, 1965). Hence clearly there is a link between learning style and 
personality type (Curry, 1990). In this research, the Paragon Learning Style Inventory 
(PLSI), a modified form of the Jungian/ Myers-Briggs personality type, was used to 
measure students’ learning style (Shindler, 2003).   
 
 
2.6.1 Jung’s Psychological Types  
Carl Jung was a Swiss psychiatrist and a psychologist of the twentieth century, who 
disagreed with his teacher Sigmund Freud and developed his own theories in 
psychology (Jung, 1971). Jung denied that sexuality is the basic driving urge for 
people as suggested by Freudian theory. He put forth a theory of the feminine 
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principle in men called the anima and the masculine principle in women called the 
animus and urged that people share a collective unconscious made up of symbols 
called archetypes (Jung, 1970). In order to understand Jung’s concept of the collective 
unconscious, it is necessary to understand his idea of the archetype. A Jungian 
archetype is a thought pattern in which there is an original model or type after which 
other similar things are patterned (Jung, 1970). It is an inherited pattern of thought or 
symbolic image that is derived from the past collective experience of humanity and is 
present in the unconscious of the individual. Jung believed that such archetypal 
images and ideas reside in the unconscious level of the mind of every human being 
and are inherited from the ancestors of the race (Jung & Franz, 1964). They form the 
substance of the collective unconscious. The collective unconscious could be thought 
of as the DNA of the human psyche. Just as all humans share a common physical 
heritage and predisposition towards specific physical forms, so all humans have a 
common psychological predisposition. However, unlike the quantifiable information 
that composes DNA in the form of coded sequences of nucleotides, the collective 
unconscious is composed of archetypes (Jung, 1970). In contrast to the objective 
material world, the subjective realm of archetypes cannot be fully explored through 
quantitative modes of research (Jung & Chodorow, 1997). Instead it can be revealed 
more fully through an examination of the symbolic communications of the human 
psyche in art, dreams, religion, myth and the themes of human relational / behavioural 
patterns. Devoting his life to the task of exploring and understanding the collective 
unconscious, Jung theorized that certain symbolic themes exist across all cultures, all 
epochs and in every individual. In Jungian psychology, an inherited pattern of thought 
or symbolic imagery is derived from the past collective experience and is present in 
the individual unconscious (Jung & Franz, 1964). 
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Jung classified people into introvert and extrovert types on the basis of how they 
respond to their environment and further grouped them according to four primary 
functions of the mind namely thinking, feeling, sensation and intuition. Jung believed 
one or more of which predominates in any person (Jung, 1967). 
 
 
Jung’s Psychological Types has been developed in six phases (Fudjack, 1997). The 
first four phases were developed by Jung himself, while the fifth and sixth phases 
were developed by Jung’s students named Jungians, and MBTI and others called non-
Jungians (Fudjack, 1997). 
 
 
Phase I (circa 1902): arising out of Jung’s doctoral thesis where he attributes the 
communications received by spiritual mediums to ‘split-off’ personalities residing in 
the medium herself. Though it does not lead directly to phase II, it makes up a basic 
NF (spiritual and feeling) approach to personality theory. 
 
 
Table  2.3   Phase I (circa 1902) in the development of Jung’s  theory of types 
 
Phase 1: Reception of communication: 
(How a person communicates with the 
environment) 
Spiritual (N)  ↔  Feeling (F) 
 
 
Phase II (1911): Jung discerns two kinds of thinking namely directed thinking and 
symbolic thinking. This phase constitutes the theoretic groundwork for a new kind of 
psychology that dissociates from Freudian theories. Thus 1911 marks the year that 
Jungian theory parted ways with Freudian theories. 
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Table  2.4   Phase II (1911) in the development of Jung’s theory of types 
 
Phase II: Two types of thinking Directed thinking ↔ Symbolic thinking 
 
 
Phase III (1913): By this phase Jung put forward two mutually exclusive 
psychological types, each being a composite of features – introversion, thinking and 
intuition as opposed to a combination of extroversion, feeling and sensing. This led to 
MBTI shorthand symbols of E (Extroversion), I (Introversion), N (Intuition) as the 
letter I was already used for introversion, T (Thinking), S (Sensing) and F (Feeling). It 
should be noted that at this stage these six features that Jung clustered into two 
composites were not conceived as independent characteristics. Further, by this stage 
Jung had made a clear distinction between his own type (I-N-T) and Freud’s type (E-
F-S) placing the emphasis on the difference between extroversion and introversion. 
 
Table 2.5   Phase III (1913) in the development of Jung’s theory of types 
 
 
Two Personality Types 
Introvert/ Intuitive/ Thinker INT 
Extrovert/ Feeler/ Sensing EFS 
 
 
Phase IV (1919): For a six year period from around 1913, Jung diminished all 
extroverted interests and turned inwards trying to bring out the difference between 
introverted thinking and introverted intuition. At the end of this period he was able to 
go beyond the extroversion-introversion dichotomy and relate once again with the 
outer world. Furthermore Jung had generalised his theory to include variations in 
psychological types. He realised that the four functions (T, F, S, N) could manifest 
themselves in two distinct forms of introversion and extroversion. It is phase four that 
can be considered as Jung’s personality theory, which he formally put forward. 
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Table 2.6   Phase IV (1919) in the development of Jung’s theory of types 
 
 
 
 
 
Personality Types 
      (Eight) 
 
 
 
Introvert (I) 
 
Intuitive (N) 
Thinker (T) INT 
Feeler (F) INF 
 
Sensing (S) 
Thinker (T) IST 
Feeler (F) ISF 
 
 
Extrovert (E) 
 
Intuitive (N) 
Thinker (T) ENT 
Feeler (F) ENF 
 
Sensing (S) 
Thinker (T) EST 
Feeler (F) ESF 
 
 
Jung further suggested that all people whether introverts or extroverts need to deal 
with both the internal and external world and he classified preferred ways of doing so 
into four categories which he called functions (Jung, 1967). These are: sensing, 
thinking, intuiting and feeling. A sensing person gets information by means of the 
senses and is good at seeing and listening. A thinking person on the other hand 
evaluates the information logically and rationally. Intuition is also perceptual in nature 
however it involves perceiving large amounts of information beyond hearing and 
seeing like seeing round the corner. Feeling involves evaluating information but is an 
overall emotional response. Jung’s theory is that all human beings have these four 
functions but to different extents (Jung, 1971). Most people have preferred modes of 
dealing with the world and this results in greater development of one or two of these 
four functions and an inferior development of the rest, though our aim should be to 
develop all four. In his classification, the dimensions that were used are Extroversion/ 
Introversion, Sensing/Intuition and Thinking/Feeling (Jung, 1967). 
 
 
Phase V (post- 1919): This is the phase where other psychologists, both Jungian 
followers and non-Jungian thinkers, developed on his theories further. The MBTI 
practitioners expanded Jung’s original 8-category system into a 16-category system 
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by recognising differences in individual preference orders of the functions described 
by Jung. 
 
Table 2.7   Phase V (post-1919) in the development of Jung’s theory of types 
 
 
 
 
 
Personality    
    Types 
(Sixteen) 
 
 
 
 
 
 
 
 
 
 
 
Introvert   
     (I) 
 
 
 
Intuitive  
    (N) 
Thinker  
    (T) 
Perception    
(P) 
INTP 
Judging     
(J) 
INTJ 
Feeler  
   (F) 
Perception 
    (P) 
INFP 
Judging 
     (J) 
INFJ 
 
 
Sensing      
   (S) 
 
 
Thinker 
    (T) 
Perception 
    (P) 
ISTP 
Judging 
    (J) 
ISTJ 
Feeler  
   (F) 
Perception 
    (P 
ISFP 
Judging 
     (J) 
ISFJ 
 
 
Extrovert    
    (E) 
 
Intuitive     
    (N) 
Thinker  
     (T) 
Perception 
    (P) 
ENTP 
Judging 
     (J) 
ENTJ 
Feeler  
    (F) 
Perception 
    (P) 
ENFP 
Judging 
     (J) 
ENFJ 
Sensing     
   (S) 
Thinker  
    (T) 
Perception 
    (P) 
ESTP 
Judging 
     (J) 
ESTJ 
Feeler 
    (F) 
Perception 
    (P) 
ESFP 
Judging 
     (J) 
ESFJ 
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Phase VI (current): The emphasis shifted from individual-centred studies to group-
centred studies of personality mainly focusing on group activities. The role of the 
individual in group dynamics is of importance and “Self” is considered more in the 
communal sense rather than as an individual ego. 
 
 
2.6.2 Myers-Briggs Type Indicator (MBTI) 
Myers-Briggs Type Indicator (MBTI) personality test was designed by Katharine 
Cook Briggs and her daughter Isabel Briggs Myers during World War II based on the 
theory of Jung’s Psychological Types (Myers & McCaulley, 1985).  This personality 
test is developed to identify the people’s preferred types and has been used in the 
areas of leadership training, employee training, personal development, marriage 
counselling, group dynamics and pedagogy (Lawrence, 1993). Traits and types are 
inborn. While traits can be improved just as skills can be, types naturally differentiate 
over time if supported by a healthy environment. MBTI indicates the order in which it 
happens in a person. However, this information, combined with interviews done with 
others who have indicated having the same preferences, are used for the complete 
description in MBTI (Myers, 1993).  Knowledge of one’s inborn traits will provide 
the opportunity for the improvement of one’s application of these traits in different 
contexts. In developing this instrument Myers and Briggs added another dimension of 
Judging/ Perceiving, which was not one of Jung’s original dimensions (Myers, 1980). 
On the basis of answers to 125 questions in the MBTI a person is identified as one of 
sixteen types of personalities arising out of combinations from the four scales of 
Extroversion/Introversion, Sensing/Intuiting, Thinking/Feeling and lastly Judging/ 
Perceiving. The sixteen Personality Types in MBTI are given below in Table 2.8. 
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Table  2.8   Sixteen personality types in MBTI 
 
ISTJ 
Introvert Sensing 
Thinking Judging 
ISFJ 
Introvert Sensing 
Feeling Judging 
INFJ 
Introvert Intuitive 
Feeling Judging 
INTJ 
Introvert Intuitive 
Thinking Judging 
ISTP 
Introvert Sensing 
Thinking Perceiving 
ISFP 
Introvert Sensing 
Feeling Perceiving 
INFP 
Introvert Intuitive 
Feeling Perceiving 
INTP 
Introvert Intuitive 
Thinking Perceiving 
ESTP 
Extrovert Sensing 
Thinking Perceiving 
ESFP 
Extrovert Sensing 
Feeling Perceiving 
ENFP 
Extrovert Intuitive 
Feeling Perceiving 
ENTP 
Extrovert Intuitive 
Thinking Perceiving 
ESTJ 
Extrovert Sensing 
Thinking Judging 
ESFJ 
Extrovert Sensing 
Feeling Judging 
ENFJ 
Extrovert Intuitive 
Feeling Judging 
ENTJ 
Extrovert Intuitive 
Thinking Judging 
 
To find the opposite type of each personality type, jump over one type diagonally 
(Wikipedia, 2007).  Widely used and researched, it has been claimed that the majority 
of a population are extroverts and sensing, and two thirds of men are thinkers while 
two thirds of women are feelers (Myers & McCaulley, 1985). 
 
 
2.6.3 Paragon Learning Style Inventory (PLSI) 
The Paragon Learning Style Inventory (PLSI) is a self-administered inventory based 
on the personality test called MBTI, which in turn is based on Jung’s theory of 
personality (Yeung, Read, & Schmid, 2005). Shindler and Yang in 2002 developed 
this instrument and it has shown excellent reliability and stability (Shindler, 2002). 
John Schindler felt that the MBTI was not suitable for young students owing to the 
language and structure of the questions. This led to the development of a modified 
version of MBTI that suits students aged 9-20 years as well as adults for an 
assessment of learning styles. It was developed specifically for use in educational 
settings and has been previously used in determining the learning styles of tertiary 
students (Yeung & Read, 2006). 
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Foundation students at RMIT are all international students and the majority have 
difficulties studying in English as the major mode of communication during their first 
year in Australia. Hence it was felt that the PLSI was the most suitable instrument to 
determine their learning styles. Furthermore the easy self-assessed scoring system 
facilitated a reliable classification for educational purposes.  
 
 
The PLSI uses Jungian/Myers-Briggs dimensions, Extroversion/Introversion, 
Sensing/Intuiting, Thinking/Feeling and Judging/Perceiving. Sixteen Learning Style 
Types (LST) are formed from these four dimensions. These dimensions are also used 
by the Murphy Meisgeir Type Indicator (MMTI) and the Keirsey-Bates Temperament 
Sorter (KBTS). However, PLSI is the only instrument that can be self-scored and 
works with both children and adults (Shindler, 2003). This inventory has 48 questions 
with two answers numbered ‘a’ and ‘b’. Students can choose either ‘a’ or ‘b’.  
 
2.7 Students’ Approaches to Learning 
 
Approaches to learning can refer to the process adopted prior to the outcome of 
learning (Marton & Saljo, 1976)  or it can refer to predispositions to adopt particular 
processes, how students report they usually go about learning (Biggs, 1987). In either 
meaning, an approach to learning has three components: how one approaches a task, 
the strategy used and the motive for approaching it in the first place (Zinkiewicz, 
Hammond, & Trapp, 2003). There are three common approaches to learning. They are 
surface, deep and achieving approaches based on different conceptions of learning 
(Marton, Dall’Alba, & Beaty, 1993) and measured by the Approaches to Study 
Inventory or more recently by the Approaches and Study Skills Inventory for students 
(Entwistle, Tait, & McCune, 2000). 
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Research on students’ approaches to learning could be useful for improving the 
quality of teaching and learning. It would be especially important, when teachers take 
up the task of teaching students from different cultural, social and linguistic 
backgrounds. How do different cultural, social and linguistic backgrounds influence 
students’ approaches to learning? Researches have supported the fact that students 
from different cultures tend to exhibit greater diversity in their approaches to learning 
than students from relatively same or similar cultures (Bennett, 1999). In my research 
context this information is quite useful. The participants of my research are a 
hetrogenous group and are from different cultural and linguistic backgrounds. 
 
 
Most school and university teachers prefer their students to take a deep approach 
along with an achieving approach to learning (Prosser & Trigwell, 1999). When 
students take a deep approach in their learning, they develop an understanding in the 
learning outcomes and create meaning and ideas of their own (Ramsden, 1992). They 
explore the learning areas beyond their immediate requirements. A deep approach is 
evident when students concentrate upon the underlying meaning of readings or 
projects, usually because of an intrinsic interest in the material (Kember & Gow, 
1994). When students adopt an achieving approach, they enhance their self esteem 
through competition and obtain high grades in the assessments. They identify the 
assessment criteria, estimate the learning effort required to achieve a certain grade, 
follow up all suggested readings, schedule their time for learning and organise their 
working space. Deep approach together with achieving approach lead to a better 
understanding and students obtain high grades and other rewards (Marton, Hounsell, 
& Entwistle, 1997). However, some students often take surface approaches. Surface 
approaches lead to low retention and an inability to use information in new contexts 
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(Ramsden, 1992). When students adopt surface approach, their aim is to reproduce the 
information to meet assessment demands and it leads to negative emotions about 
learning. Strategies such as memorising can be part of either deep or achieving or the 
surface approach, depending on the intention of the learner (Ramsden, 1992). While 
surface approach leads to poor understanding and deep or achieving approaches to a 
high level of understanding, this should not be extended to the view that a surface 
approach is necessarily adopted by weaker students and a deeper approach by highly 
competent ones (Ramsden, 1985). The approaches to learning are not necessarily 
mutually exclusive. Students may adopt different approaches according to the task, 
the course or the teaching context. Students’ approach to a learning task would 
strongly influence the quality of their learning outcomes (Biggs, 1999). Students in 
Foundation Biology course at RMIT are encouraged to develop both deep and 
achieving approaches in their approach to learning. In order to pursue their further 
studies in tertiary education in Australian universities, they have to develop deep 
understanding in their learning areas and at the same time they have to get the 
required study scores to get admission to their fields of interest after FS.  
 
 
The identification of the learning style of each Foundation Biology student at the 
earliest possible stage of the academic session would enable teachers to develop 
necessary strategies and create suitable learning environments to foster deep learning 
and achieving approaches in students. Most of the Foundation Biology students 
pursue their tertiary education in Health Sciences after FS and PBL is the desired 
approach that is used in most of the Australian Universities. The researcher is keen to 
find out how these students, who are from different cultural background, are different 
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in terms of their learning styles and to assess whether these students with different 
learning styles are competent to adopt deep learning in PBL. 
 
 
In this research context the learning traits in PLSI are used as indicators to assess 
students’ approaches to learning. The characteristics of eight learning traits of PLSI 
are given in Table 2.9. 
 
Table 2.9 Eight learning traits of PLSI 
 
Extrovert 
• Learns best from doing 
• Is more at ease and confident socially 
• Likes to know how others are doing it 
• Gets energized from socializing 
• Readily volunteers and offers opinions 
• Ideas start from the outside in 
Introvert 
• Likes to watch before doing 
• Prefers working alone or with one other 
• Sets own standards when possible 
 
• Likes quiet space to work 
• Seems deep and hard to understand 
• Ideas start from inside out 
Sensate 
• Is more realistic and practical 
• Is more patient and steady 
• Uses experience and common sense 
• Likes routines and order 
• Looks more for what is actual and 
sensible 
• Lives in the here and now 
Intuitive 
• Is more imaginative and abstract 
• Likes new challenge, works in spurts 
• Trusts what makes sense to her /him 
• Dislikes routine and detail work 
• Looks more for what is possible 
• Lives toward her/his vision of the future 
Feeler 
• Is more interested in people than ideas 
• Focuses more on personal relationships 
• Likes harmony dislikes conflict 
• Is tuned in to others’ feelings 
• Is warm and arouses enthusiasm 
• Makes decisions based on his/her heart 
Thinker 
• Is more interested in fascinating ideas 
• Wants things to be fair and reasonable 
• Stand-up for what he/she thinks 
• Is tuned in to logical consistency 
• Is cooled-headed and impartial in 
conflict 
• Makes decisions based on rational 
thought 
Judger 
• Is more decisive than curious 
• Likes planned and scheduled activities 
• Has very set opinions 
• Feels good when things are completed 
• Likes order and organization 
• May make decisions too quickly 
Perceiver 
• Is more curious than decisive 
• Likes the spontaneous and unplanned 
• Is flexible, adaptable and tolerant 
• Likes to keep options open 
• Seeks more to understand than manage 
things 
• May have trouble making up her/his 
mind 
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2.8 Learning Styles and Students’ Academic Performance 
 
 
The literature reviewed emphasised that students’ learning style preferences are 
important as well as other factors like learning environment and interest in the course 
of study. All these affect students’ performance. Academic achievement requires the 
ability to deal with concepts and ideas deeply, which should favour people with 
introvert characteristics. On this ground, it has been predicted that introverts perform 
higher than extroverts in academic performance (Myers & McCaulley, 1985). Time 
bound tests put intuitors at an advantage due to the fact that sensing types tend to read 
test questions several times before answering them (Myers, 1980). If memorization 
and recall were important, sensing types tend to perform higher and if analysis was 
required intuitive students had an advantage (Wankat & Oreoviez, 1993).  These 
predictions have been verified in the field of engineering (O'Brien, Bernold, & 
Akroyd, 1998) and (Felder, Felder, & Dietz, 2002). In these studies among 
engineering students showed that introverts, intuitors and judgers generally 
outperformed their extrovert, sensing and perceiving counterparts. A longitudinal 
study conducted among Canadian engineering students had claimed that male students 
with preferences for introversion, intuition, thinking and judging were found to be 
more likely to succeed in the first year engineering curriculum than were their 
extrovert, sensing, feeling and perceiving counterpart (Rosati, 1997). However, a 
previous study in 1993 claimed that among the male students at the lower end of 
academic performance, sensing students were more likely to complete the course 
successfully (Rosati, 1993). 
 
A study at the Hong Kong Polytechnic University with 34 male engineering students 
showed that surface approach of learning resulted in poor performance and the use of 
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deep approach doesn’t result in higher performance unless accompanied by sufficient 
work (Kember, Jamieson, Pomfret, & Wong, 1995). An investigation on the learning 
styles and academic performance with 97 final year accounting major students at the 
University of Botswana in 1996 claimed that reflector style performed higher, activist 
style scored lower and both theorist and pragmatist styles had approximately the same 
mean score (Ronan, 1996). Another study at the University of Calgary, Canada which 
investigated the effects of learning styles and academic performance in 19 university 
courses found that academic performance based on learning style was found to be 
significant in 11 of the 19 courses and this study also claimed that sequential learners 
performed higher in science and mathematics related fields, random learners 
performed higher in fine arts courses and all learning styles perform equally well in 
the liberal arts and social sciences (Drysdale, Ross, & Schulz, 2001). 
 
 
An investigation on the effect of students’ learning styles on academic achievement 
under two different modes of instructions, one by using computer multimedia 
instructional packet and the other by traditional lecture mode of instruction, was 
carried out with 75 undergraduate agricultural students at the Prude University. In this 
study students were classified as either field dependent or field independent using the 
Group Embedded Figures Test (GEFT). This study showed that learning style either 
field dependent or field independent coupled with treatment had no significant effect 
with respect to achievement in a test that demand knowledge in the field of agriculture 
(Marrison & Frick, 1994). 
 
In a study conducted at the University of Sydney, NSW students’ learning styles were 
investigated by using PLSI and checked their effect on academic performance of first 
 54
year chemistry undergraduate students. The study showed that introvert students 
perform higher than extrovert students and thinkers perform higher than feelers 
(Yeung, Read, & Schmid, 2005). The same study had shown no significant 
relationship between academic performance scores and learning styles on 
sensing/intuitive or judging/perceiving dimensions (Yeung, Read, & Schmid, 2005). 
 
2.9 Problem-Based Learning (PBL) and Traditional Teaching and Learning (TTL) 
Problem-Based Learning is an approach to learning that has grown in breadth and 
depth across the world since the 1970s (Savin-Baden, 2000). It is an approach to 
learning through which many students have been enabled to understand their own 
situations and frameworks so that they are able to perceive how they learn. PBL is an 
instructional method that challenges students’ metalearning.  In every field both the 
quantity and quality of knowledge are increasing at an accelerating speed. However, 
no one can learn all these materials, while anyone can learn how to learn these 
materials. This is an essential step in the self-directed student-centred approach of 
PBL. In PBL students learn to be self-directed, both independent and interdependent 
in solving problems.  
 
One should understand the difference between problem-solving learning and PBL 
before exploring more about this particular innovative approach of learning. In 
problem-solving learning, students are given a lecture or an article to read and then a 
set of questions or problems based upon the information given. Students are expected 
to solve these problems. Problem scenarios are set within the subject or disciplinary 
areas and the solutions of these problems are linked to specific curricula content. 
Students are supposed to cover this subject area in order to become competent. The 
solutions are therefore bounded by the content and students are expected to explore 
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little extra material other than that provided in order to discover the solutions. 
However, PBL is different in the sense that curricular content is organised around 
problem scenarios rather than subjects or disciplines. In PBL students work in groups 
and they are expected to engage with the complex situation presented to them and 
decide what information and skill they need to learn and gain in order to manage the 
situation or solve the problems. They are not expected to acquire a predetermined 
series of right answers.  
 
PBL began at McMaster University Medical School in Ontario, Canada in 1969 
(Berkson, 1993) and the original idea of this innovative approach came from 
Professor James E. Anderson of the same university (Barrows, 1994). It has since 
been implemented in various undergraduate programs, graduate programs, elementary 
and secondary schools around the world. PBL is now used in about 150 of 1400 
medical schools worldwide (Schmidt, Neufeld, Nooman, & Ogunbode, 1991). In 
Australia, PBL was introduced in 1978 at the medical school of University of 
Newcastle, NSW (Schmidt, 1998). It has since been introduced in most other medical 
schools in Australia. The department of Education and Children’s Services in South 
Australia has introduced PBL in primary and secondary schools (Hollands, 2005).  
 
 
Current PBL literature centers predominantly upon important concerns about ways in 
which this approach of learning is seen, used and implemented (Savin-Baden, 2000). 
Literature review offers a number of PBL definitions. PBL is a total approach to 
education and it is both a curriculum and a process (Barrows & Tamblyn, 1980). As a 
curriculum it consists of carefully selected and designed problems that demand from 
the learner, acquisition of critical knowledge, problem solving proficiency, self-
directed learning strategies and team participation skills and as a process it replicates 
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the commonly used systematic approach to resolving problems or meeting challenges 
that are encountered in life and career. PBL is an instructional method that challenges 
students to learn how to learn, work cooperatively in groups to seek solutions to real 
world problems (Duch & Norton, 1992). In PBL, students act as professionals and 
confront problems as they occur and need to determine the best solution possible. An 
important feature of PBL is that it is a student-centred approach of learning. In this 
method students learn to determine what they need to know. The emphasis is that the 
acquisition of information and skills by students depends on students’ abilities to 
identify their educational needs, best manner of learning, pace of learning and their 
ability to evaluate their learning (Barrows & Tamblyn, 1980). Student-centred 
learning describes ways of thinking about learning and teaching that emphasises 
student responsibility for such activities as planning learning, interacting with 
teachers and other students, researching and assessing learning (Cannon, 2000). In 
PBL teachers may have a role for preparing appropriate learning tasks, learning 
resources and evaluation materials that reflect their particular experience and 
knowledge. However, these materials serve as guides and resources to be used while 
students take responsibility of their own learning (Barrows & Tamblyn, 1980).  
 
 
Traditional Teaching and Learning (TTL), views teaching as a transmission of 
knowledge, and learning as acquisition of knowledge. Programs are designed and 
organised around disciplines and students are taught through lectures and discussions. 
In TTL, teachers can dispense information and insights through their own work to 
their students. Teachers can be certain that students are exposed to all knowledge and 
concepts that are appropriate for their learning and students are free from frustration 
and agony of working through the subject area of their own. However, the 
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disadvantages of TTL include, teachers assume what their students should know 
without taking care of their ability and need, students are passive recipients of 
information, the materials prepared by teachers prescribe exactly what information are 
to be learned, the evaluation process is centred around the teachers concept of what is 
to be learned, the main purpose of evaluation is to ascertain whether students recall 
the knowledge to which they have been exposed and the rewards are usually external 
as motivation is invariably based on grades and not on personal desire for 
accomplishment (Knowles, 1975).  
 
2.10 Students’ Participation in PBL Group Discussions (SPGD) 
 
2.10.1 Participation  
 
Participation means different things in different people. Participation basically means 
getting individuals, communities or organizations involved in decision-making 
processes that affect their lives. The concept participation assumes some actions from 
the part of participants (Bjaras, Hagland, & Rifkin, 1991). It is a term used to denote 
the state of mind of a person (Richardson, 1983). Participation involves individuals 
taking an active role in a project or in a process, not just as consumers but also as key 
contributors to the direction and implementation of it (Bell, 2004). Much of the 
literature on participation discusses areas other than PBL, notably social care 
provision for children and adult generic health services (Street & Herts, 2005). In 
PBL, active participation of students are expected in-group discussions through 
meaningful questions, comments, insights and personal experiences. It is a 
cumbersome task for a facilitator or a teacher to encourage students to participate 
actively in PBL group discussions especially when students are from different cultural 
background. In academic terms active participation in PBL is something more than 
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information delivery from teacher to student or from student to student, and 
consultation between teacher and student or between student to student. In addition to 
these two levels there is an active relationship or engagement between all parties 
involved. The following Table 2.9 depicts the three stages of participation in PBL 
group discussions. 
 
Table   2.10   The three levels of participation in PBL group discussions 
 
  
Information delivery 
Teacher      →     Student 
Student      →     Student 
 
Consultation  
Teacher           Student 
Student             Student 
 
Active engagement 
Teacher     ↔        Student 
Student      ↔        Student  
  
Many researchers agree that students learn more when they actively participate in the 
learning process (Murray & Zentner, 1985; O’Kell, 1988; Townsend, 1990). The 
amount of learning that takes place is related to the extent of participation in the 
learning process and all education proceeds by the participation of the individual 
(Dewey, 1966). Levels and means of participation need to be negotiated with 
students. This makes it more likely that students will be comfortable with the process, 
have a sense of ownership of it and avoid raising false expectations (Hedges & 
McKeown, 2000).  
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2.10.2 Benefits of Students’ Participation in PBL Group Discussions (SPGD) 
Benefits of participation in any process include satisfaction, building greater 
confidence, reduction in anxiety, greater understanding of personal needs, improved 
trust, better relationships with professionals and other participants (Farrell, 2004). 
This is true in participation in learning activities as well. In PBL, participation in 
group discussions are an opportunity for students to share both their frustration and 
appreciation. It gives students ample chances to recognise their views, opinions and 
ideas and these can make a difference in their perception and decision making about 
their own learning process. Participation practice is often about increasing 
opportunities for children and young people to make decisions (Kirby, Lanyon, & 
Cronin, 2003). People gain a sense of personal involvement or responsibility in 
decisions made by them.  Participation is seen as a way of ensuring those involved 
with a sense of dignity, self confidence and self-respect, which cannot be easily 
achieved by any other means (Ashworth, Longmate, & Morrison, 1992). An increase 
in confidence, self-esteem, experience and skills make them more independent in 
acquiring more skills and knowledge in their own field of study. Through discussions 
and negotiation of different issues, students are getting a chance to learn about new 
problems and finding their solutions. Therefore not only does participation lead to a 
sense of fulfilment on the part of the participants, it also makes them more fully 
developed human beings. It benefits not just the students alone but the facilitators or 
the teachers as well. Teachers can identify the strengths and weakness of each student 
and chances for addressing any issues to improve the learning process of the students, 
learning environment and modifying the instructional materials for better learning 
outcomes. Allowing professionals to participate in issues affecting their day-to-day 
lives at work, may sharpen their sensitivity to client’s own needs for involvement 
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(Ashworth, Longmate, & Morrison, 1992). Young people who have had difficult life 
experiences are less likely to have the confidence and self-esteem to participate. If 
their views have not been taken into account in the past they are less likely to be 
motivated to participate in the present (Wright, Haydon, & Morgan, 2002).  
 
 
Foundation Studies (FS) students are international students with social and cultural 
differences. Some of them completed their primary and secondary schooling in 
completely teacher dominated learning environments. In such a learning environment 
students are not encouraged to ask questions or actively participate in discussions. 
Instead they are encouraged to receive the knowledge and skills from an expert in the 
field. If anyone is denied this opportunity of active participation, they will be short of 
decision making skills and often fail to articulate their own interests (Richardson, 
1983).  Young people highly value opportunities to express themselves and to be truly 
listened to. This could make a helpful dialogue possible, so that young people could 
benefit from a whole range of services (Street & Herts, 2005). Participation can also 
be fun, satisfy emotional needs and provide forms for self-expression (Ashworth, 
Longmate, & Morrison, 1992).  
 
 
2.10.3 Factors that Influence Participation and Non-participation 
 
The factors are of both positive and negative influence on participation skills and 
include students’ particular cultural background, personality trait, learners’ autonomy, 
learning attitudes, perception of needs, learning environment, language proficiency, 
awards, recognition, level of knowledge, lack of skills, relationship between students 
and facilitators, relationship between the peers, occasional conflicts with other 
activities and cost of participation in terms of time and resources. 
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A partnership between students and facilitators, learner authority over decisions and 
encouragement of students’ autonomy are highly recommended for promoting 
participation in learner activities (Bjaras, Hagland, & Rifkin, 1991).  
 
 
A study conducted in United States revealed that, conflicts with other activities, lack 
of interest, the cost, poor background as well as lack of experience and knowledge of 
the participants have a negative influence on participation or they result in non-
participation (Cano & Bankston, 1992). Lack of confidence, information, time, 
intimidating learning atmosphere and the professional language that are used have 
negative influence on participation (Street & Herts, 2005).  
 
 
2.10.4 Group Learning 
PBL is a group activity. For active participation in-group discussions, students have to 
study the learning area in small groups in an organised way.  Here the teacher’s role is 
guiding the students and facilitating the whole process including group orientation, 
identification of useful resources, helping students to find how deep they have to dig 
for the information, etc. The main purpose of small groups in PBL is to gain 
appropriate levels of knowledge and skills by the participants in co-operative 
activities so that they can add or disseminate more knowledge or consolidate their 
knowledge and skills during group discussions. Learning ought to be a co-operative 
activity in which teacher and learners are all associated in a common enterprise 
(Dewey, 1966). In PBL, the group is the learning unit, not the individual. However, a 
variety of learning groups that differ in function and methods used to operate the 
learning process creates opportunities for individuals to meet their needs (Bramley, 
1979). The experience of working together in small group is one of the cherished 
 62
features of learning in tertiary education (Jaques, 1987) and it fosters active 
processing of information and pooling ideas (Dunn & Dunn, 1993). The social context 
provided by Problem-Based group learning fosters positive approaches and 
motivation, improves students’ acquisition of academic knowledge and skills, leads to 
the development of relationships networks, provides a platform for emotional contacts 
between students themselves and between students and teachers (Pastoll, 1992). The 
willingness of the students to engage in a degree of intimacy among themselves and 
the proficiency of the teacher as a facilitator are key variables in the effectiveness of 
group learning (Bramley, 1979). Co-operative group learning in PBL can be used as a 
remedial strategy for students with learning difficulties with good effect (Ornstein & 
Levine, 1993). The studies conducted by various researchers revealed that the skills 
and knowledge acquired in Problem-Based group learning could be transferred to the 
clients and this approach provided the learners with formative experience (Bowman, 
Goldberg, Millar, Gask, & McGrath, 1992).  
 
 
However, this approach has a few barriers as well. Students at times face difficulties 
with time management and availability of useful resources. At the beginning of the 
process, it is a general complaint students fail to know how deep they have to go in 
the learning area. Lack of interest of some members of the group may affect the 
effectiveness of the whole group. Teachers may take over the learners’ responsibility 
or students may often expect a didactic teaching role from the facilitator. Group work 
is different from presenting formal lectures and it requires a lot of re-orientation on 
the part of the facilitator (Bramley, 1979). The skilful role of the facilitator reinforces 
learning (Dunn & Dunn, 1993). However, the lack of a skilful approach, ignorance 
and unintended misuse can either restrict learning or sometimes even destroy it 
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(Pastoll, 1992). In order to foster successful group learning, the facilitator should 
adopt a holistic approach (Bramley, 1979). 
 
2.11 Student’s Self -Evaluation (SSE) in PBL   
Self-evaluation by the student is a necessary part of PBL and acquiring specific skills 
in self-evaluation helps students in a more general appraisal of their overall 
performance (Das, Mpofu, Dunn, & Lanphear, 1988). It is a process of gathering and 
analysing relevant information about oneself. As a result of self-evaluation students 
become aware of their interests, personality traits, skills, values, beliefs, limitations 
and fears. Identifying students’ own interest will help them to decide which subject or 
career is to be chosen. Acknowledging students’ own personalities will help them to 
identify how they react with the world. Skills are abilities and areas of strength that 
are acquired through many different learning experiences. By identifying the skills, 
students can be aware of what things can be done well. Values indicate what is 
important to a person. This is very important for choosing the most appropriate 
courses and occupational field. The positive and negative thoughts one holds about 
one’s self are called beliefs. Self-assessment of beliefs may influence the future 
programs of a student. 
 
In PBL, each student is encouraged to evaluate his/her performance in four different 
areas like reasoning or problem-solving skills, knowledge brought to the problem, 
self-study skills or subsequent knowledge gained and contribution to the group 
process (Barrows, 1985). Self-evaluation begins with a fresh discovery of self to be 
evaluated and it helps students to acknowledge the strength and clarify the weakness 
of their own learning process (Akerlind & Pettigrove, 1996). While teacher made tests 
and standardised tests give us information about student learning, they do not provide 
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all the information. In self-evaluation students get opportunities to judge the quality of 
their work based on evidence and explicit criteria with the aim of doing better work in 
the future. Students gain a lot when they are taught to evaluate their own progress and 
when they do so against known and challenging quality standards (Rolheiser, 1996). 
Self-evaluation is a potentially powerful technique because of its impact on student 
performance through enhanced self-efficiency and increased intrinsic motivation 
(Rolheiser & Ross, 2001). Evidence about the positive effect of self-evaluation on 
student performance is particularly convincing for difficult tasks (Maehr & Stallings, 
1972), especially in academically oriented schools (Hughes, Sullivan, & Mosley, 
1985)  and among high need students (Henry, 1994). High need students are those 
who need considerable and consistent face-to-face additional support in their learning 
process. In 1996, Rolheiser proposed a theoretical model for self-evaluation 
(Rolheiser, 1996). 
 
 
Figure 2.5   Theoretical model of self-evaluation 
 
Most schools and tertiary institutions encourage students to do self-evaluation at the 
end of each course or program. However, it would be more beneficial, if students’ 
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self-evaluation was done both at the beginning and at the end of each course and 
comparisons of these two evaluations were made with the evaluation done by the 
facilitator at the end of the course. A good student self-evaluation is neither a defence 
nor an apology, rather it is a way of becoming more aware of his/her ability, skill, 
knowledge, beliefs, values and personality. The benefits of a student’s self-evaluation 
include independence in learning, responsibility for decision making, proactivity and 
creativity in taking charge of his/her own work. The constraints of a student’s self-
evaluation are lack of time, the paucity of professional development and support for a 
student’s self-evaluation. However, in spite of all these constraints self-evaluation has 
an empowering impact on students. 
 
2.12     In Summary 
 
This chapter summarizes the arguments and ideas of other researchers. Learning is 
both a process and a product. It is a process of gathering information, storing 
information, reflecting on this information and applying it when there is a need. As a 
product learning results in changes in understanding and changes in behaviour. Since 
knowledge is subjective no single theory can explain all aspects of learning. 
Personality is a characteristic pattern of thoughts, feelings and behaviour of a person 
and learning styles depend on types of personality, mode of perceiving things, mode 
of processing information and how it is applied when there is a need. Learning Style 
Inventories are based on learning style modalities. Myers-Briggs Type Indicator 
(MBTI) (Myers & McCaulley, 1985) and Paragon Learning Style Inventory (PLSI)    
(Shindler, 2003) are based on Jungian psychological types. Learning style researchers 
show that individuals process information differently on the basis of inherent or 
learned traits. Students are not all the same and individual differences influence both 
their learning and their academic achievements. Learning style is an indicator of how 
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students learn and like to learn. Teaching is most effective when it caters for a range 
of learning styles, in part because occasionally having to learn in a less preferred style 
helps to broaden students’ range of skills. However, according to critics, learning 
style attempts to intervene with the teaching and learning of the teacher and student 
respectively without taking into account the complex context of the teaching and 
learning environment. Researches have supported the fact that students from different 
cultures tend to exhibit greater diversity in their approaches to learning than students 
from relatively same or similar cultures. Foundation Students at RMIT involves 
international students from diverse cultural, linguistic and social backgrounds. 
Students in Foundation Biology courses at RMIT are encouraged to develop both a 
deep and achieving approach in their learning. In order to pursue their further studies 
in tertiary education, they have to develop deep understanding in their learning areas 
and at the same time they have to get the required study scores to get admission in 
their field of interest after FS. Problem-Based Learning (PBL), is an instructional 
method that challenges students to learn how to learn and work cooperatively in 
groups to seek solutions to real world problems. In PBL, the group is the learning 
unit, not the individual. However, a variety of learning groups that differ in function 
and methods used to operate the learning process creates opportunities for individuals 
to meet their needs. Many researchers agree that students learn more when they 
actively participate in the learning process. In PBL, each student is encouraged to 
evaluate his/her performance. This research investigates the effect of students’ 
approaches to learning as well as the method of teaching on student performance of a 
group of international students from different cultural, educational and linguistic 
backgrounds.  
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Chapter 3 
 
 
Research Design 
 
 
3.1 Introduction 
 
The aim of this research was to evaluate student approaches to learning and their 
academic performance in Biology in Foundation Studies (FS) classes at RMIT under 
two different teaching methods. The students were from a range of educational, social 
and cultural backgrounds. FS is a bridging program for international students between 
schooling in their respective countries and higher education in Australia. Students’ 
approaches to learning, whether they were extrovert or introvert, intuitive or sensing, 
thinking or feeling, perceiving or judging was identified by administering the Paragon 
Learning Style Inventory (PLSI) (Shindler, 2003). The two teaching methods used 
were Traditional Teaching and Learning (TTL) and Problem-Based Learning (PBL). 
 
3.2 Hypotheses of the Study 
 
The hypotheses of this study were: 
a. There is a relationship between students’ approaches to learning and their 
performance in TTL and PBL in relation to their Biology results. 
b. Students’ age group, gender, prior qualification and language of instruction of 
prior qualification will affect their performance in TTL and PBL. 
c. There is a positive correlation among students’ scores on the rating scale for 
Students’ Participation in PBL Group Discussions (SPGD) and Student’s Self- 
Evaluation (SSE) and PBL test. 
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3.3 Research Questions 
 
The study in relation to these hypotheses was undertaken by using the following 
research questions. 
1. Is there any relationship between performances on TTL/PBL Biology tests, 
SPGD scores or SSE scores and student gender, age group, prior qualification 
or language of instruction in prior qualification? 
2. Is there any relationship between students’ approaches to learning and their 
performance in TTL and PBL method of learning? 
3. Is there any relationship between the students’ approaches to learning and 
scores on SPGD? 
4. Is there any relationship between the students’ approaches to learning and 
scores on SSE? 
5. Is there any correlation between students’ scores in SPGD & SSE and 
performance in PBL? 
 
 
3.4 Methodology 
 
This study is mainly quantitative. However, some qualitative methods were used for 
interview analysis to investigate the research hypotheses and research questions as 
recommended by Tobin and Fraser (1998). Quantitative information was obtained 
from two Biology tests and two questionnaires (SPGD and SSE). Demographic data 
questionnaires and students’ interviews were used for qualitative data collection. A 
number of researchers have recommended using both quantitative and qualitative 
methods in the same study (Anderson, 1988; Tobin & Fraser, 1988). The 
methodology chosen for this research combined students’ performances in tests, 
questionnaires, observations and interviews. Questionnaires offer an economical way 
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to collect information from participants, but they fail to provide the explanations 
behind these responses. Interviews can provide some of these missing details, but they 
are time consuming  (Morgan, 1997).  Observations put the researcher into the real 
learning environment. However, they may be clouded by the personal perceptions of 
the observer (Denzin & Lincoln, 1994). By using multiple methods as data collection, 
the strengths of each method can be capitalised upon and their weaknesses can be 
partially overcome and a more complete picture of the learning environment can be 
provided (Aldridge & Fraser, 2000). 
 
 
Two different teaching methods, TTL and PBL were used to collect data for 
measuring each student’s performance in both TTL and PBL. TTL is a deductive 
approach where knowledge is transferred from teachers to students in a relatively 
passive way using more teacher centred methods.  The PBL refers to a very specific 
approach in education, supported by techniques designed to facilitate a specific 
teaching-learning process. It is not simply the presentation of problems to students as 
a focus for learning. It is a rigorous, structured approach to learning that is based on 
considerable experience and research (Barrows & Tamblyn, 1980). PBL increases 
students’ participation in learning tasks. By taking responsibility for their own 
learning, students’ develop learning strategies and habits that will serve them well for 
a long time, particularly when they encounter unfamiliar problems (Bandura, 1997). 
In this learning approach students can no longer rely on the teacher to cover all the 
important material in the course. Instead, students are encouraged to generate their 
own learning issues and to set priorities for learning with the help of the teacher. This 
experience can give them confidence in pursuing self-directed learning and in 
assessing their own performances. In the student-centred approach in PBL, more 
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importance is given to how much the student learns than how much the teacher 
teaches. Hence PBL concentrates on the acquisition of content knowledge by the 
student.   
 
 
The Paragon Learning Style Inventory (Shindler, 2003) was used to identify each 
student’s learning style. The PLSI was developed by John Shindler (2003) in 1992 
based on Jungian/Myers-Briggs personality types (Jensen & DiTiberio, 1989). The 
four dimensions in this model are Extroversion/Introversion, Judging/Perception, 
Sensing/Intuition, and Thinking/Feeling. Thus each dimension consists of two traits. 
Each individual tends to exhibit a preference for one trait over another along each 
dimension. This results in sixteen learning styles (Shindler, 2003). According to this 
model no individual is a ‘pure type’. Each individual possesses the ability to function 
in all of the traits that make up the types. John Shindler included all these sixteen 
learning styles in the PLSI. 
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Table 3.1 Sixteen learning styles in PLSI 
Dim 1  
(A) 
Dim 2 
(B) 
Dim 3 
(C) 
Dim 4 
(D) 
Learning 
style 
 
 
 
E 
(Extroversion) 
 
 
N 
(Intuition) 
T 
(Thinking) 
P 
(Perception) 
ENTP 
J 
(Judging) 
ENTJ 
F 
(Feeling) 
P 
(Perception) 
ENFP 
J 
(Judging) 
ENFJ 
 
 
S 
(Sensing) 
T 
(Thinking) 
P 
(Perception) 
ESTP 
J 
(Judging) 
ESTJ 
F 
(Feeling) 
P 
(Perception) 
ESFP 
J 
(Judging) 
ESFJ 
 
I 
(Introversion) 
N 
(Intuition) 
T 
(Thinking) 
P 
(Perception) 
INTP 
J 
(Judging) 
INTJ 
F 
(Feeling) 
P 
(Perception) 
INFP 
J 
(Judging) 
INFJ 
 
S 
(Sensing) 
T 
(Thinking) 
P 
(Perception) 
ISTP 
J 
(Judging) 
ISTJ 
F 
(Feeling) 
P 
(Perception) 
ISFP 
J 
(Judging) 
ISFJ 
 
A rating scale with five indicators was used to observe and identify each student’s 
participation in PBL group discussions. Another rating scale with four indicators was 
used for student’s self-evaluation to indicate areas of particular strength and weakness 
in the PBL process. Approval was obtained for the research design through the RMIT 
Higher Degree by Research (HDR) process (Appendix 2). Ethics approval was 
obtained through the then Faculty of Education, Language and Community Services 
(now Design and Social Context Portfolio), RMIT Human Research Ethics Sub 
Committee (HRESC) process (Appendix 3). 
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3.5 Research Participants 
 
The participants of this research were the whole population of Foundation 
International Biology students at RMIT during the 2003, 2004, 2005 and 2006 
academic years. There were two intakes in each year with an average of 14 Biology 
students in each intake. The first intake runs from January to November consisting of 
two 18- week semesters with five contact hours per week for Biology. The first 
semester for this intake runs from February to June and the second semester from July 
to November each year. The second intake runs from June to January and consists of 
two 14-week semesters with six contact hours each. The first semester for the second 
intake runs from June to September and the second semester from October to January 
of the following year. The data collection commenced after ethics approval was 
obtained in the second semester of 2003. In each intake thereafter, the data collection 
was conducted during the second semester.  
 
The total participants were 116 students over four academic years. All Foundation 
students were international students and were from 27 countries as shown in Table 
3.2.  
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Table 3.2  Frequency table for nationality of Foundation Biology International  
students 
_______________________________________________________ 
Country of origin   n   percent 
________________________________________________________ 
Indonesia    24   20.7 
Hong Kong    14   12.1 
South Korea    11     9.5 
Malaysia      9     7.8 
India       9     7.8 
China       7     6.0 
Kuwait      6     5.2 
Taiwan      5     4.3 
Sri Lanka      4     3.4 
UAE       3     2.6 
Japan       3     2.6 
Oman       2     1.7 
Russia       2     1.7 
Vietnam      2     1.7 
Columbia      2     1.7 
Mauritius      2     1.7 
America      1     0.9 
UK       1     0.9 
Singapore      1     0.9 
Pakistan      1     0.9 
Norway      1     0.9 
Portugal      1     0.9 
Bangladesh      1     0.9 
Zambia      1     0.9 
Ukraine      1     0.9 
Philippine      1     0.9 
Lebanon      1     0.9 
 
Total              116            100.0 
_______________________________________________________  
 
  
The students were in the age group between 18 years and 30 years and have been 
classified into 4 groups as shown in Table 3.3 
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Table 3.3 Frequency table for age of students 
_________________________________________________ 
Age Group    n  percent 
_________________________________________________ 
18-20 yrs  98  84.5 
21-23 yrs    9    7.8 
24-26 yrs    7    6.0 
27+ yrs    2    1.7 
 
Total  116   100 
_________________________________________________ 
 
 
The educational backgrounds of the students ranged from equivalent to Year 11 
Australian qualifications to graduate level qualifications. The language of instruction 
of their prior qualifications also varied including a number of languages like English, 
Arabic, Japanese, Korea, Cantonese, Malay, Norwegian, Indonesia, Mandarin, 
Vietnam, Bangla, Russia and Spanish. Hence the participants of this research study 
were a group of students with a range of differences in their age groups, prior 
qualifications and nationalities. 
 
3.6 Data Gathering Techniques 
This section describes the various test instruments, questionnaires, interview 
schedules and observation techniques used for data gathering in this study.  
 
3.6.1  Questionnaire for Demographic Data Collection  
 
Demographic data were collected by using a questionnaire. This questionnaire 
consisted of eight items. They were name of the student, student number, age group, 
nationality, courses taken in FS, prior education qualification, language of instruction 
in prior education and country from where this qualification was obtained. Name and 
student number were included in the questionnaire to identify each student at any time 
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during the course of the research. The age of each student was collected by using a 
scale with four age groups namely 18 yrs - 20 yrs, 21 yrs - 23 yrs, 24 yrs -26 yrs and 
27+ yrs.  Age group, nationality, courses taken in Foundation Studies, prior education 
qualification, language of instruction in prior education and the country from which 
this qualification was obtained were used for various comparative studies with 
reference to each student’s learning style, student performance in both TTL & PBL in 
relation to their Biology results, student’s participation in PBL and student’s self-
evaluation. 
 
 
3.6.2 Learning Style Inventory (LSI)  
 
The Paragon Learning Style Inventory (PLSI) (Shindler, 2003) was administered to 
identify each student’s learning style. This inventory consists of 48 items to which 
students could respond by choosing one of the two given options, ‘a’ or ‘b’. The 
inventory consists of a PLSI score sheet in which scores ‘a’ or ‘b’ could be entered. 
The PLSI score sheet is given in Appendix 10. 
 
This PLSI score sheet consists of four columns and 12 rows, to accommodate all 48 
item responses. The total score of both ‘a’ and ‘b’ responses for each column is 12. A 
score of seven or above indicated either one or other of each trait for each of the 
dimensions extrovert/introvert, sensate/intuitive, feeler/thinker and judger/perceiver 
in columns 1, 2, 3 and 4. In column 1 the total score of ‘a’ indicates the trait extrovert 
score or E score and the total score of ‘b’ indicates the trait introvert score or I score. 
In column 2 the total score of ‘a’ indicates the trait sensate score or S score and the 
total score of ‘b’ indicates the trait intuitive score or N score. In column 3 the total 
score of ‘a’ indicates the trait feeler score or F score and the total score of ‘b’ 
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indicates the trait thinker score or T score. In column 4 the total score of ‘a’ indicates 
the trait judger score or J score and the total score of ‘b’ indicates the trait perceiver 
score or P score. Hence the highest score in column 1 indicates either extrovert or 
introvert, the highest score in column 2 indicates either sensate or intuitive, the 
highest score in column 3 indicates either feeler or thinker and the highest score in 
column 4 indicates either judger or perceiver. At the end of the PLSI score sheet there 
is a provision for putting the answers together and each participant would get a 4 
letter learning style type such as ISTJ, ISFJ, INFJ, INTJ, ISTP, ISFP, INFP, INTP, 
ESTP, ESFP,ENFP, ENTP, ESTJ, ESFJ, ENFJ or ENTJ.  The characteristics of all 16 
types (Appendix 11) and the occupational trends of these different types (Appendix 
12) are explained in two separate data sheets. 
 
3.6.3 Tests after Traditional Teaching and Learning (TTL) and Problem-Based 
Learning (PBL) 
 
The data gathering was conducted in the second semester of each intake. Of the ten 
topics in semester 2, one was taught under the TTL method and another topic was 
taught using the PBL method. At the end of each topic a test was conducted to assess 
students’ understanding in these particular areas. The test that was given after TTL 
method of teaching was named TTL test and the test after the PBL method of teaching 
was called the PBL test.  Thus each participant took both TTL and PBL tests. The 
topics taught under the TTL and PBL methods were interchanged for consecutive 
intakes. The details of the implementation of the research procedure are given in 
section 3.8.   Each test consisted of two sections, Section A and Section B. Section A 
of each test paper consisted of 20 multiple-choice questions. Each question was 
followed by 4 possible answers A, B, C and D. Separate multiple choice answer 
sheets were provided to indicate a student’s choice from these 4 possible answers 
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along with each test paper. Section B of both test papers consisted of 4 short questions 
of 10 marks each. Hence the total mark for the test paper was 60. The learning issues 
in Topic 1 were DNA, RNA, genes, chromosomes, genotype, phenotype, the 
significance of meiosis in variation, monohybrid cross, dihybrid cross, polygenic 
inheritance and pedigree analysis. The learning issues of Topic 2 were mutation, types 
of mutations, diseases such as Sickle cell anaemia, Cystic fibrosis, Down syndrome as 
examples of diseases caused by various types of mutations and protein synthesis 
(Varughese, 2002).  
 
3.6.4 Rating Scale for Students’ Participation in Group Discussions (SPGD) 
 
A rating scale for Students’ Participation in Group Discussions (SPGD) was a 
researcher-designed questionnaire to measure students’ participation in PBL group 
discussions. It is a modified form of the Rifkin scale (Rifkin, Muller, & Bichmann, 
1988). The Rifkin scale is an instrument used to measure levels of community 
participation in rural health programs. Since there is no instrument to measure 
students’ participation in PBL group discussions, the researcher has developed this 
particular rating scale by modifying the Rifkin scale to measure the level of students’ 
participation in PBL group discussions. The model of SPGD rating scale is in Table 
3.4.  
78  
 
 
 
Table 3.4  Model of SPGD rating scale 
 
Indicators and sub- 
indicators 
Behaviour patterns 
Minimum  
1        2        3                              
Medium 
4 5 6     
Maximum 
7      8         9     
1. Indicator 
    (i) sub-indicator 
         
    (ii) sub-indicator          
    (iii) sub-indicator          
    (iv) sub-indicator          
     (v) sub-indicator          
 
The scale consists of 5 indicators with 5 sub-indicators. The first indicator is 
‘Leadership’ with sub-indicators i) leads discussion, ii) often represents in 
presentations, iii) initiates in group processing, iv) gives direction and v) suggests 
decisions. The second indicator is ‘Group interaction’ with sub-indicators i) shares 
information, ii) shares resources, iii) accommodates differences in opinion, iv) 
volunteers to undertake tasks and v) encourages others to participate. The third 
indicator is ‘Self-directed learning’ and sub-indicators are, i) refers relevant resources, 
ii) asks probing questions, iii) integrates old and new knowledge, iv) shows 
appropriate depth of knowledge and v) understands the learning issues. The fourth 
indicator is ‘Reflectiveness’ with sub-indicators such as i) proposes hypotheses, ii) 
derives learning issues, iii) challenges ideas, iv) raises pertinent issues and v) asks 
relevant questions. The fifth indicator is ‘Problem-solving skills’ with sub-indicators, 
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i) revises hypotheses based on additional information, ii) gives feed back, iii) debates 
issues, iv) clarifies issues and v) suggests solutions. 
 
The behaviour pattern of each student is indicated in this rating scale as minimum, 
medium and maximum. Again each of the minimum, medium and maximum 
behaviour patterns is graded into three sub-scales and hence altogether, there are nine 
sub-scales. These nine sub-scales are allocated marks from one to nine in ascending 
order of the pattern of behaviour of each student in PBL group discussions.  This has 
been treated as a numerical grading and furthermore, the five sub-indicators under 
each indicator were added to give a numerical score out of 45 for each indicator. For 
instance the five sub-indicators under leadership were grouped into a new numeric 
variable called leadership with possible scores of 0 – 45 for each student. 
 
3.6.5 Rating Scale for Student’s Self-Evaluation (SSE) in Individual Contributions to 
Group Performances in PBL 
 
Rating Scale for Student’s Self-Evaluation (SSE) is a researcher designed instrument 
to measure each student’s self-evaluation of his/her contributions in PBL. The model 
of the SSE rating scale is given in Table 3.5. 
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Table 3.5   Model of SSE rating scale 
 
Indicate areas of particular strength or weakness by a tick in appropriate box. 
1 = cause for concern   2 = fair   3 = good   4 = excellent 
1. Indicator 
         1        2      3        4 
 a. Sub-indicator  
 
                    1        2      3        4 
 b. Sub-indicator 
  
  
            c. Sub-indicator                              1        2      3        4 
         
 
            d. Sub-indicator                                                1        2      3        4 
 
 
 
The instrument has 4 indicators with 4 sub-indicators each. The first indicator is 
Reasoning process with the sub-indicators: a) identification of case-related problems, 
b) proposition of hypothesis, c) revision of hypothesis based on additional information 
and d) understanding of the concept. The second indicator is Knowledge acquisition 
and the sub-indicators are: a) pursuing of basic learning issues, b) use of 
terminologies accurately, c) identification of group learning issues and d) assimilation 
of new concepts. The third indicator is Co-operative learning issue and the sub-
indicators are: a) attendance, b) punctuality, c) leading of discussion and d) sharing of 
information. The fourth indicator is Self-directed learning and the sub-indicators are: 
a) preparation for group, b) identification of appropriate resources, c) possession of 
appropriate depth of knowledge and d) integration of existing and new knowledge. 
The response scale of each sub-indicator of each indicator is a four-point scale and 
has response categories such as cause for concern, fair, good and excellent entered as 
scores 1, 2, 3 and 4 respectively. These scores were treated as numeric scores for each 
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sub-indicator. During data entry, the scores of the four sub-indicators of each 
indicator were added to form a total score out of 16 for each indicator.  
 
3.7 Evaluation of Instruments 
 
 
3.7.1 Validity of Instruments 
 
The validity of a test is the extent to which a test measures what it purports to measure 
(Tuckman, 1988). Validity, when associated with measuring instruments, refers to the 
question whether the instrument measures what it is supposed to measure. A test has 
content validity if it measures knowledge of the content domain of which it was 
designed to measure.  An important attempt to bring a set of common expectations 
and language to the validity arena was an effort of the American Psychological 
Association in 1966 (Popham & Sirotnik, 1973). This led to a recommendation that 
four types of validity be used in educational measurements namely content validity, 
predictive validity, concurrent validity and construct validity. Content validity refers 
to the extent to which the content of the given area has been covered by a particular 
instrument for measurement. It is applied primarily to the evaluation of achievement 
or gains resulting from instruction (Tuckman, 1988). The instruments used to make 
predictive decisions posses predictive validity. The predictive validity of test can be 
obtained by relating test performance to the related behavioural criterion (Tuckman, 
1988). For some tests, particularly those that measure characteristics or qualities, it is 
difficult to establish predictive validity because it is not easy to identify specific 
performance outcomes related to that characteristic or quality. What is usually done in 
this case is to relate performance on the test with performance on another, well-
reputed test. This procedure is termed concurrent validity. Construct validity concerns 
itself with the degree to which an instrument is based upon a particular theory or 
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theoretical concept. Therefore, construct validity is established by relating a concept 
with some behaviour. The content validity of the TTL & PBL Biology tests was 
carried out by the reviewing of both test papers by two qualified and experienced 
Biology teachers. Their suggestions were incorporated in the final draft of each test 
paper. Students’ learning styles were determined by using an internationally 
recognised instrument called the Paragon Learning Style Inventory (PLSI) (Shindler, 
2003). The concurrent validity of SPGD and SSE rating scales were determined by 
checking the correlations between them and with the TTL and PBL tests. This is used 
to support the scale structure of both SPGD and SSE Questionnaires. The results of all 
these analyses are reported in Chapter 4. 
 
3.7.2 Reliability of Instruments 
The reliability refers to the consistency of the measuring instrument. In other words, it 
simply reflects the consistency of the instrument if used on two or more occasions. 
Reliability is based on consistency over time (stability) and internal consistency (the 
extent to which the items are consistent with each other). For this study the internal 
consistency of all instruments used was investigated.    
 
There are different methods for estimating the reliability of tests that are used to 
measure students’ performances such as the test-retest method, alternate-form 
method, split-half method and Kuder-Richardson approach SPSS 13 (Coakes, Steed, 
& Dzidic, 2006). In the test-retest method, reliability is estimated by the same test 
being administered twice to the same group with a time interval between the two 
administrations. In the alternate-form method, it is determined by administering 
alternate forms of a test to the same people and computing the relation between each 
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student’s score on the two forms of the tests. The third method, known as split-half 
method estimates the reliability from a single administration of a single form of a test. 
The test is administered to a group and then divided in half for scoring purposes. The 
usual procedure is to score the even numbered items and odd numbered items 
separately. The two sub-scores are then correlated. The resulting correlation 
coefficient is considered an estimate of internal consistency. The Kuder-Richardson 
method also estimates the reliability of test scores from a single administration of a 
single form of a test by formulas, one being called the Kuder-Richardson 20 (Coakes, 
Steed, & Dzidic, 2006). It is used for tests whose answers are either right or wrong. In 
this study, the researcher has used the alternate form method by correlating the TTL 
and PBL Biology tests scores with the semester exam scores of each student. The 
internal consistency of TTL and PBL Biology tests, SPGD and SSE was determined 
by using Cronbach’s alpha coefficient (Cronbach, 1951). The results for the internal 
consistency of all the instruments are described in Chapter 4. 
 
 
3.8 Procedures for the Study 
The study was conducted in the RMIT academic years of 2003, 2004, 2005 & 2006 
and the participants were the whole population of FS Biology students. In each RMIT 
academic year there were two intakes of students, one in February and the second in 
June. The February intake was designated as Group 1 and the June intake was 
designated as Group 2 and the data collection was carried out in the second semester 
of each intake. 
 
The demographic data for each student were gathered by using a questionnaire. This 
was followed by administering the Paragon Learning Style Inventory (PLSI) 
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(Schindler, 2003) to measure students’ approaches to learning. All students were 
given a copy of the questionnaire and were given 30-40 minutes to go through each 
item and mark their preferences. Each student’s learning style was identified by the 
researcher after analysing these questionnaires. The students were then provided the 
identified learning style together with the characteristics of all 16 learning styles and 
the occupational trends of the 16 types. 
 
The next phase of the research was experimental in nature. Group 1 of 2003 was 
taught Topic 1 in the Biology syllabus in TTL. A test was conducted after the TTL 
and it will hereafter be referred to as Test 1. The same students were facilitated by the 
researcher to learn Topic 2 in the Biology course by PBL method. For this purpose, 
the eighteen students of Group 1 were divided into 3 small groups, and each group 
was seated separately in the same classroom.  Each small group consisted of six 
students and a Case Study in the form of an analysis worksheet was given to each 
student by the researcher. The case was prepared in such a way that students could 
derive the required learning issues from Topic 2 after group discussions and 
deliberation about the case. The case was designed in three sections. After each 
section, there was a discussion time of about 10 minutes in which students within a 
group could identify and come to a common consensus about the key information, the 
problem mentioned, the hypotheses and rationale of the hypotheses. Each student 
wrote this information in the given space of the worksheet. In this group discussion 
the researcher was the facilitator and encouraged each student to participate actively. 
Then students in each group read and discussed the second section of the case. More 
information was added and hypotheses and rationale were added or modified 
according to the student reflection and deliberation about the case. The same process 
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was continued with the third and fourth section. At the end of the three sections, 
students were able to derive the learning issues and each group identified a few 
learning issues. The researcher checked the learning issues derived by each group and 
made sure that all the required learning issues were covered. For this exercise two 
periods of approximately 50 minutes were used. The next two biology periods were 
used for collecting information about the learning issues and organising them by 
referring to library books, journals, videocassettes and Internet facilities. This section 
was conducted at RMIT Carlton library. Each group undertook the task separately. 
This information gathering session was used to build on existing knowledge of each 
group to enable them to solve the problems in the case study and learning issues. In 
this process students worked as a team helping each other to find the solutions for 
most of the learning issues. The researcher was helping and guiding the students to 
gather information at the appropriate level. The next two Biology classes were used 
for the presentation, discussion and deliberation by each group.  At the end of the 
session all learning issues were summarised by the students and the researcher made 
sure that all the required information at the appropriate level was discussed and 
explained. The next Biology period was used for conducting a test, which will 
hereafter be called Test 2.  
 
The same process was undertaken with Group 2 of 2003. However, the PBL method 
was used for Topic 1 and Topic 2 was taught by TTL method. The researcher 
prepared another PBL case study for Topic 1, so that students could derive all of the 
required learning issues for this topic. The same process was repeated in 2004 and 
2005 using the same case studies and the same tests. The Table 3.6 represents this 
procedure in chronological order. 
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Table 3.6 Model of experimental research design 
2003 Group 1 Topic 1 by TTL Test 1 
Topic 2 by PBL Test 2 
Group 2 Topic 1 by PBL Test 1 
Topic 2 by TTL Test 2 
2004 Group 1 Topic 1 by TTL Test 1 
Topic 2 by PBL Test 2 
Group 2 Topic 1 by PBL Test 1 
Topic 2 by TTL Test 2 
2005 
 
 
 
Group 1 Topic 1 by TTL Test 1 
Topic 2 by PBL Test 2 
Group 2 Topic 1 by PBL Test 1 
Topic 2 by TTL Test 2 
2006 Group 1 Topic 1 by TTL Test 1 
Topic 2 by PBL Test 2 
Group 2 Topic 1 by PBL Test 1 
Topic 2 by TTL Test 2 
Note: Topics 1 and 2 were two of the ten topics in semester 2 of FS. 
 
The researcher marked both Test 1 and Test 2 and the results were given to each 
student. Students were given a chance to go through their scripts and identify their 
strengths and weaknesses in these particular learning areas.  
 
While observing the discussions, deliberations and presentations by the students 
during the PBL sessions, the researcher rated each student’s participation using the 
rating scale for SPGD. At the end of the whole PBL process, students were given a 
chance to evaluate themselves by using the rating scale for SSE. Finally the researcher 
interviewed every student in each group.  
 
3.9    Student Interviews 
 
The quantitative data obtained through TTL and PBL Biology tests and SPGD and 
SSE questionnaires were complemented by qualitative data collected through 
interviews. All 116 students were interviewed using semi-structured interviews. In 
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these interviews students expressed their frank opinion about the whole PBL and TTL 
process, their learning style, and their future career paths. 
 
Semi-structured interviews generate interest in interviewees and engage in real 
conversation (Fontana & Frey, 1994). Unlike questionnaires with standardized 
questions and closed-ended answers, semi-structured interviews only include general 
questions. It can be used to obtain specific, in-depth, quantitative and qualitative 
information on specific points of interest. Semi-structured interviews involve a list of 
questions to be addressed in a relaxed and informal way. Therefore the researcher 
preferred a relaxed interview style by using semi-structured questions about the 
learning process, learning style and the student’s future intended pathway of studies.  
The following semi-structured questions were asked in interviews. 
• Do you agree with the outcome of the analysis of the learning style inventory 
by the researcher? What is your percentage of agreement? 
• Which is your preferred method of learning between TTL and PBL? 
• What are the merits of the preferred method of learning? 
• What are the demerits of the non-preferred method of learning? 
• What is the intended pathway of studies after Foundation program? 
 
Researchers have different opinions about the documentation of the interviews. Some 
authors believe the use of tape recorders can interfere with the flow of ideas and 
prohibit candour (Lincoln & Guba, 1985). Hence the researcher decided to use 
handwritten notes for the documentation of the interviews to avoid such situations. 
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3.10 Data Entry and Analysis 
 
All the data collected were first entered onto Microsoft Excel spreadsheets. The data 
in the Excel spreadsheets were then transferred into the Statistical Package for Social 
Studies (SPSS) Version 13 for statistical analyses as recommended by (Morgan, 
Greigo, & Gloeckner, 2001) and (Coakes & Steed, 2003). This process of data entry 
and analysis involved three stages. 
 
3.10.1 Data Preparation 
The following three major steps were used in data entry and preparation. 
• The first step was the setting up of a format for data entry. This format 
captured the main types of information such as demographic data, TTL and 
PBL Biology test marks, information from the SPGD questionnaire, the SSE 
questionnaire and data from the interviews. 
• The second step was coding all information from demographic data, TTL & 
PBL Biology test marks and from the questionnaires. 
• The third step involved preparing the data for analysis. The questionnaire 
rating scales were converted to scale variables for analyses in addition to raw 
score analyses of test scores. The learning styles were recoded as four 
variables showing the four dimensions with two traits each defined earlier in 
Section 3.6.2. This resulted in the sample being divided into two groups on 
each dimension thereby facilitating easier and, hopefully, more meaningful 
analysis. 
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3.10.2 Data Screening and Preliminary Analysis 
Various functions of SPSS and Excel were used to ensure that all data had been 
correctly entered and then preliminary analysis of data was carried out.  Frequency 
tables for the variables to be analysed helped to check for any missing values or errors 
as well as to obtain appropriate frequency distributions of the demographic data and 
the traits of learning styles. This study involves several multivariate comparisons in 
order to determine the effect of various factors on learning under the two teaching 
methods.  
 
There are four subject variables (variables that cannot be separated from individuals) 
in this study like gender, age, prior qualification and learning styles. Independent 
variables are those that have been manipulated and participants randomly assigned. In 
this research the independent variable is the teaching method (TTL and PBL). There 
are four dependent variables (variables that are used to assess the effect of the 
independent variables): the TTL Biology Test score, the PBL Biology Test score, the 
SPGD score and the SSE score. 
 
A major source of error in experimental designs is individual differences. A ‘repeated 
measures’ or ‘within-subjects’ design has been used to control this. All the 
participants have been taught using both teaching methods, thus eliminating any bias 
due to participants in one group being different from the participants of other groups. 
Furthermore, any bias due to order of presentation or difficulty of topics taught has 
been controlled by reversing the order of topics taught by each method for different 
groups of participants. The groups in this case refer to the various intakes over the 
four academic years as shown in Table 3.7. 
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As the whole group of Biology students in Foundation studies were invited to 
participate, the use of statistical significant tests was inappropriate. Such tests are used 
to estimate the population value on the basis of representative sample, but, in this 
case, the population values were obtained directly from the data.   
 
The preliminary investigations were first documented as initial analysis in tables and 
graphs, giving a clear picture of the data collected. This included various frequency 
tables and their graphical representations. In addition, a comparison of means was 
carried out to compare students’ performances on the two Biology tests and the two 
evaluations of students’ participation in group discussions. The correlation between 
the TTL and PBL Biology test scores of all participants as a group was investigated. 
The scores on these two tests were then compared with scores on the questionnaires. 
 
3.10.3 Further Statistical Analyses 
Having completed the preliminary analysis of comparisons the data were then 
analysed to investigate variations and effects of these variations. Several comparisons 
were carried out using effect size analysis. Effect sizes give an indication of the 
response to the question “How big a difference is it?”. The effect size provides 
information about how much change is evident across all studies and for subsets of 
studies (Glass, McGaw, & Smith, 1981). It measures the magnitude of a treatment 
effect. Unlike significance tests, it is independent of sample size. The effect size can 
be calculated from the standardized difference between two means or from the 
correlation between the independent variable and the individual scores on the 
dependent variable called effect size correlation (Rosenthal, 1991). The standardized 
difference between two means can then be calculated by using Cohen's d or Hedges g 
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and effect size for correlation can be calculated by using Pearson’s r. Of the effect 
size estimates the most common estimate found in current meta analyses is Cohen's d 
(Cohen, 1988).  In practice, the pooled standard deviation, σpooled, is commonly used 
to calculate Cohen’s d (Cohen, 1977). The pooled standard deviation is found as the 
root mean square of the two standard deviations (Cohen, 1988). The pooled standard 
deviation is the square root of the average of the squared standard deviations. When 
the two standard deviations are similar the root mean square will not differ much from 
the simple average of the two variances. Hedges's g is an inferential measure and is 
calculated by using the square root of the mean square error from the analysis of 
variance testing for differences between the two groups (Hedges & Olkin, 1985).  
 
The appropriate statistics for educational research are point estimates of sizes and 
confidence intervals around these point estimates. Substantive significance is more 
useful than statistical significance. When a new teaching method is compared with 
another method, the magnitude of the difference between the methods may not be 
large enough to be worth the expense of changing methods. Descriptors for 
magnitudes of effect sizes from small to large (Cohen, 1969)  and the addition of a 
descriptor for magnitude of effect size very small  (Izard, 2004) are given in the 
following table. 
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Table 3.7  Descriptors for magnitudes of effect sizes and assigned ranges 
_________________________________________________________________  
Effect size  Cohen’s descriptor and  Assigned range 
Magnitude Cohen’s example 
________________________________________________________________ 
< 0.2 Very small* 0.00 to 0.14 
 
 0.2  Small    0.15 to 0.44 
  Difference between the heights of 
  15 year old and 16 year old girls in  
   the US 
 
0.5 Medium (large enough to be visible to  0.45 to 0.74 
the naked eye) 
  Difference between the heights of 
  14 year old and 18 year old girls in  
the US 
  
0.8  Large (grossly perceptible and therefore large) 0.75 or more 
  Difference between the heights of 13 year old  
  and 18 year old girls in the US or the difference 
  in IQ between holders of the Ph.D degree and  
  typical college freshmen 
 __________________________________________________________________ 
 * Note that very small is a descriptor devised by Izard for magnitudes less than small. 
 
Following the analysis of means and variations and the magnitude of differences, 
further probes were conducted in order to investigate interactions among the 
independent variables in their effect on performance in Biology. This was done by 
constructing line graphs using SPSS showing comparative performances of various 
subgroups of participants classified according to the demographic and learning style 
characteristics. This enabled the investigation of the effect of two fixed subject 
variables at a time, on a third dependent variable (Bryman & Cramer, 2005). This 
method was used to observe trends and interactions among the many variables of this 
study. The details of the analysis and results observed are presented in Chapter 4.  
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In addition, the data collected by interviews were analysed and used for various 
comparative studies with student’s learning style and observation made by the 
researcher in the SPGD and the student in the SSE responses. The detailed analyses of 
all the results obtained are provided in Chapter 4. 
 
3.11 In Summary 
 
This chapter discussed the research design, hypotheses, research questions, the 
instruments used and how the data were collected. The Paragon Learning Style 
Inventory (PLSI) was administered to identify students’ learning style. Students’ 
performance in both TTL and PBL was measured by using two Biology tests. Each 
student’s participation in PBL group discussions was observed and identified by using 
a rating scale. The student’s self-evaluation on participation in the PBL process was 
assessed by a rating scale. The Excel spread sheet and SPSS Version 13 statistical 
software program were used to enter data and calculate summary statistics for the 
data. Effect sizes were calculated using Coe’s spreadsheet (Coe, 2006). Chapter 4 
documents the data gathered and the results of the analysis in this research study. 
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CHAPTER 4 
 
 
Data Analysis 
 
 
 
4.1  Introduction 
 
This chapter describes the results of the quantitative and qualitative analyses of data 
carried out in this research as outlined in Chapter 3. This study deals with many 
independent and dependent variables associated with each participant. The four fixed 
subject-variables considered for the analysis were gender, age, prior qualification and 
language of instruction of the prior education. The students’ preferred learning styles 
constituted another four variables associated with individuals. All these together were 
treated as eight independent variables for each participant of the sample. The 
students’ scores on two separate Biology tests after teaching in Traditional Teaching 
and Learning (TTL) method and the Problem-Based Learning (PBL) method were 
two of the dependent variables in the study. The other two dependent variables were 
scores on Students’ Participation in Group Discussions (SPGD) and Student’s Self-
Evaluation (SSE). Thus the quantitative analyses were carried out using eight 
independent variables and four dependent variables for each of the 116 students of 
Foundation Studies (FS) students at RMIT. The results have helped answer the 
following research questions: 
 
1. Is there any relationship between performances on TTL/PBL Biology tests, SPGD 
scores or SSE scores and student gender, age group, prior qualification or 
language of instruction in prior qualification? 
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2. Is there any relationship between students’ approaches to learning and their 
performance in TTL and PBL method of learning? 
3. Is there any relationship between the students’ approaches to learning and scores 
on SPGD? 
4. Is there any relationship between the students’ approaches to learning and scores 
on SSE? 
5. Is there any correlation between students’ scores in SPGD & SSE and 
performance in PBL? 
 
The analyses were mainly carried out using the statistical package SPSS 13.0 and the 
Excel spreadsheet. This included preliminary analyses of frequencies of data grouped 
according to the various independent variables and a comparison of mean scores on 
various assessments for these groups of participants. This was followed by an 
investigation of the variations observed by determining the magnitude of the 
differences observed in the preliminary analyses with a view to finding answers to the 
research questions. Effect sizes were calculated with Hedges’s g correction (Section 
3.10.3) as the difference between two means divided by a pooled estimate of the 
standard deviation. The classification shown in Table 3.7 in the methodology chapter 
has been used for analysis of effect sizes. An effect size of 0.8≥ has been classified as 
large, any value 0.5≥  and 0.8<  as medium, a value 0.2≥  and 0.5<  as small and 
anything 0.2<  as very small or negligible. In effect this provides an assigned range 
on either side of the endpoints for decimal rounding. For example any effect size from 
0.45 to 0.74 is the assigned range for medium effect size. The researcher has also used 
a visual pointer to these effect sizes by colour coded highlighting. Any large effect 
has been highlighted in red, a medium effect in yellow, a small effect in green and a 
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very small effect size has been highlighted in blue. This was followed by further 
probes to investigate for any interactions among independent variables using 
graphical analysis. Once again, effect size calculations were used to determine the 
magnitude of such interactions. 
 
The results have been reported in the following sections.  
• Section 4.2 gives group frequencies of independent variables. 
• Section 4.3 discusses the soundness of instruments and data. 
• Section 4.4 analysis of student performance 
• Section 4.5 presents interactions among variables. 
• Section 4.6 gives an analysis of the interview data. 
• Section 4.7 draws up a brief summary. 
 
4.2  Group Frequencies of Independent Variables  
There were 116 Foundation Studies Biology students who participated in this 
research, which was conducted over the academic years 2003 through to 2006. This 
study involved the whole population of FS Biology students over these four years 
instead of random sampling. There were two intakes each year, one commencing in 
February referred to as Intake One and the other being the mid-year intake classified 
as Intake Two of each year. The number of participants in each intake is summarised 
in Table 4.1. 
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Table 4.1 Foundation intakes 
________________________________________________ 
FS Intakes   n    percent 
________________________________________________ 
One 2003   18   15.5 
Two 2003     7       6.0 
One 2004   26   22.4 
Two 2004   10       8.6 
One 2005   13   11.3 
Two 2005   11         9.5 
One 2006   15   12.9 
Two 2006   16    13.8 
 
Total             116            100.0 
________________________________________________ 
 
 
In order to answer the research questions, the students were grouped on the basis of a 
number of variables during various phases of the analyses. The summary statistics is 
given in the following frequency tables 4.2 to 4.5. 
 
 
Table 4.2 Gender 
________________________________________________ 
Gender   n    percent 
________________________________________________ 
Male      49   42.2 
Female     67   57.8 
 
Total              116             100.0 
________________________________________________ 
 
 
Table 4.3 Age group 
________________________________________________ 
Age   n    percent 
________________________________________________ 
18 – 20 yrs   98            84.5 
21 – 23 yrs      9     7.8 
24 – 26 yrs      7     6.0 
27+ yrs     2      1.7 
 
Total            116          100.0 
________________________________________________ 
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Table 4.4 Prior qualification 
________________________________________________ 
Qualification   n    percent 
________________________________________________ 
Yr 11   47   40.5 
Yr 12    61   52.6 
Foundation      2        1.7 
Graduation     6        5.2 
 
Total            116            100.0 
________________________________________________ 
 
 
Table 4.5  Language of instruction of prior qualification 
________________________________________________ 
Language of instruction n       percent 
________________________________________________ 
English   53      45.7 
Other      63       54.3 
 
Total              116             100.0 
________________________________________________ 
 
 
As can be observed from the above tables, this study was not a purely experimental 
study where participants have been equally assigned to various groups. Rather, these 
variables are fixed subject-variables not in the control of the researcher. However, this 
study evaluates the effects of differing conditions for the whole population in a quasi 
experimental design. The participants of the study consisted of 49 male and 67 female 
students, of whom 98 were 18 – 20 years of age. The remaining 18 students fell in 
three different categories of age group thereby creating very different cell sizes in a 
spreadsheet when grouped according to their age. The same is seen in the case of prior 
qualification where 47 students had previously completed Yr 11, while 61 had 
completed Yr 12 prior to joining the FS program. There were two students who were 
repeating FS and there were six graduates with university degrees from other 
countries doing FS in order to take up higher studies in a different field in Australia. 
Among the total population of 116 students, 53 students had English as the language 
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of instruction for their prior qualifications while the remaining 63 had their prior 
education in languages other than English. These factors of multiple variables and 
unequal cell sizes in the classification of data have been taken into consideration in 
statistical analyses later on. 
 
The variable of primary interest to this study is the preferred learning style of the 
participants, shown in Table 2.8 of Section 2.6.2. The distribution of the sample along 
the 16 Learning Style Types as determined by the PLSI is shown in Table 4.6.  
 
Table 4.6 Predominant learning style  
_______________________________________________ 
* LS  n                     percent 
_______________________________________________  
 ISTJ    22   19.0 
  ISTP     1       .9 
  ISFJ   18    15.5 
  ISFP  3     2.6 
  INFJ   10     8.6 
  INFP  5     4.3 
  INTJ  4     3.4 
  INTP  8     6.9 
  ESTP  1     0.9 
  ESTJ   14    12.1 
  ESFP  2      1.7 
  ESFJ  5      4.3 
  ENFP  6      5.2 
  ENFJ  9      7.8 
  ENTP  4      3.4 
  ENTJ  4     3.4 
 
  Total     116   100.0 
________________________________________________ 
  * I=Introvert, E= Extrovert, N= Intuitive, S= Sensing, T= Thinking,  
      F= Feeling, P= Perceiving, J= Judging 
 
Once again the data displays vastly differing frequencies though it is interesting to 
note that the sample did cover all the 16 types with at least one student in each 
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category. The relative distribution of the learning style preferences can be seen in the 
following Figures 4.1 and 4.2. 
 
 
  I = Introvert   E = Extrovert  N = Intuitive  S = Sensing  T = Thinking   F = Feeling   P = Perceiving   J = Judging 
 
Figure 4.1 Distribution of Learning Style Preferences of FS Biology students 
 
 
The distribution of learning style preferences among male and female students is 
shown in the following graph. 
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Figure 4.2  Distribution of Learning Style Preferences by gender 
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However the researcher is aware that it may not be possible to derive conclusive 
results when there are very few students in some of the learning style categories. 
Hence from this point on, the learning style variable has been considered as four 
variables defined by the four dimensions for all analysis purposes. Each dimension 
has two traits and as each student has one or the other as a preferred trait, a much 
better distribution of the participants over four pairs of learning style traits was 
achieved, lending greater credibility to any results the analyses showed. Tables 4.7 
through to 4.10 show the student numbers in each category of the learning style traits 
when considering the four dimensions of the learning styles separately. This provided 
a much better representation of each trait category of each dimension though 
differential weighting of other traits may have distorted the effects of each learning 
style trait.  
 
Table 4.7  Extrovert/Introvert 
________________________________________________ 
 Trait  n          Percent 
________________________________________________ 
Extrovert  45     38.8 
Introvert 71      61.2 
 
Total   116    100.0 
________________________________________________ 
 
 
Table 4.8  Intuitive/Sensing 
________________________________________________  
Trait  n  Percent 
________________________________________________ 
Intuitive  50   43.1 
Sensing  66   56.9 
  
 Total  116  100.0 
________________________________________________ 
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Table 4.9  Thinking/Feeling 
________________________________________________ 
 Trait n   Percent 
________________________________________________  
Thinking  58  50.0 
Feeling  58  50.0 
 
Total    116 100.0 
________________________________________________ 
 
 
Table 4.10  Perceiving/Judging 
________________________________________________ 
 Trait  n  Percent 
_______________________________________________  
Perceiving 30    25.9 
Judging  86   74.1 
 
Total   116   100.0 
________________________________________________  
 
The next stage then was to determine the magnitude of difference between these pairs 
of traits. The mean scores of each trait on the PLSI scale were analysed for this 
purpose. The table below is a summary of these scores for all the eight learning traits. 
 
Table 4.11  Mean PLSI scores of learning style traits 
_______________________________________________ 
 LS trait n  Mean Std. dev 
_______________________________________________  
 Introvert  71  6.43 2.33 
  Extrovert  45  5.54 2.33 
  Intuitive  50  5.35 2.43 
  Sensing  66  6.60 2.43 
  Thinking  58  5.93 2.15 
  Feeling  58  6.04 2.14 
  Perceiving  30  4.84 2.39 
  Judging  86  7.16 2.39 
 ________________________________________________ 
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There is a dependency between pairs of scores of learning traits of each dimension. 
The mean scores for each pair in the table above are fairly close and the standard 
deviations are effectively the same. The results of the effect size analysis are 
summarised in Table 4.12. 
 
 
Table 4.12 Magnitude of difference between learning traits  
_____________________________________________________________________ 
  n  Mean sd pooled Diff *Effect Std Error  
       sd in size  of ES 
       Means   Estimate 
_____________________________________________________________________  
Dim 1 Introvert 71 6.43 2.33  
     2.33  0.89 0.38 0.19  
 Extrovert 45 5.54 2.33 
 
Dim 2 Intuitive 50 5.35 2.43  
     2.43  -1.25 -0.51  0.19 
 Sensing 66 6.60 2.43    
 
Dim 3 Thinking 58 5.93 2.15        
     2.15  -0.11 -0.05  0.19 
 Feeling 58 6.04 2.14    
 
Dim 4 Perceiving 30 4.84 2.39 
      2.39  -2.32 -0.96  0.22 
 Judging 86  7.16 2.39 
_____________________________________________________________________ 
*     Large          Medium         Small          Very small.  Refer to Table 3.7 
 
The differences observed in the effect sizes may well be a consequence of having 
differing numbers of cases in the various categories. 
 
 
Having examined the demographics of the sample, the next step prior to any further 
analysis of data, would be to discuss the soundness of instruments and data. 
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4.3  Soundness of Instruments and Data 
4.3.1 Weighting of Test Items 
The two Biology tests TTL and PBL each consisted of 20 multiple choice items worth 
20 marks and four short answer questions worth 40 marks making up the total 60 
marks for each test. Prior to using the scores as an indicator of achievement, the 
means and standard deviations of the two sections were analysed to ensure that the 
weighting of marks allocated was appropriate. Table 4.13 below shows the summary 
of results.  
 
Table 4.13  Statistical summary of TTL and PBL test sections 
___________________________________________________________ 
Test  Sections   Mean   Standard dev 
___________________________________________________________ 
TTL  Multiple choice  12.48  3.75  
  Short answer  22.73  8.89  
 
PBL  Multiple choice    11.91  4.13   
 Short answer  22.79  9.58  
___________________________________________________________ 
 
The standard deviation of the multiple choice sections in both cases was found to be 
smaller than that of the short answer section showing that the weighting allocated to 
the marks was appropriate. 
 
4.3.2 Validity and Reliability of Instruments 
 
Validity and reliability are two vital aspects in the critical appraisal of instruments 
that are used in research. Validity refers to whether an instrument measures what it is 
supposed to measure. The two types of validity that are examined for TTL and PBL 
tests in this research were content validity and concurrent validity. The content 
validity is concerned with an instrument’s ability to measure the content of a given 
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area. There is no easy way to determine the content validity apart from expert opinion. 
The content validity of the TTL and PBL tests was carried out by incorporating the 
expert suggestions made by two experienced and qualified Biology teachers at RMIT. 
The concurrent validity of an instrument is demonstrated when a measure of an 
instrument correlates well with a measure of another valid instrument. The concurrent 
validity of TTL and PBL tests was verified by comparing these two tests scores with 
FS semester exam scores. The Table 4.14 illustrates the correlation between the scores 
of TTL and PBL tests with that of the FS semester exam scores. 
 
Table 4.14 Pearson correlation between student results (n = 116) 
_____________________________________________________________________ 
    PBL  Exam  SPGD  SSE 
        
_____________________________________________________________________ 
TTL       0.74  0.62  0.61  0.22 
      
PBL    __  0.59  0.63  0.34  
   
SPGD    __  __  __  0.50 
   
____________________________________________________________________ 
 
 
Although the test for TTL was identical to the test after PBL for each topic over the 
whole year, the scores shared only 55% of the variation. The test after TTL correlated 
higher with the Exam, (sharing about 38% of the variation) than the corresponding 
PBL test and the Exam (sharing about 35% of the variation). 
 
A commercially available and valid instrument known as the PLSI was used to 
determine students’ learning styles. The extent of concurrent validity of the SPGD 
and SSE rating scales was evident from the correlation between SPGD and SSE 
scores, sharing about 25% of the variation, as well as their correlation with TTL and 
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PBL scores as shown in Table 4.14 above. The TTL scores shared about 37% of the 
variation with SPGD scores and about 5% of the variation with the SSE scores. The 
PBL scores on the other hand shared about 40% of the variance with SPGD and about 
11% of the variation with the SSE. 
 
The concept of external consistency was used to check the reliability of the TTL and 
PBL Biology tests. The design of the research provided a means of checking this 
reliability by the test-retest method, in a modified form. As explained in the 
methodology section, two Biology tests were constructed to test knowledge at the end 
of teaching a topic. If the topic was taught in the TTL method, the scores on the test 
were recorded as the TTL score for the student and if the topic was taught in the PBL 
method the score was recorded as the PBL score for the student. Each student was 
taught two topics one by each method of teaching and the same topic test was 
administered at the end of the two topics regardless of the teaching method, 
generating a TTL score and a PBL score for each student. Moreover to eliminate any 
difference in difficulty level the topics were interchanged for the two intakes each 
year. Hence about half of the sample took one test as the TTL and the other half took 
the same test as the PBL test and vice-versa. Thus all students took both tests and yet 
no one repeated a test controlling exposure to the different teaching methods. Under 
this design, the correlation between TTL scores and PBL scores for all students 
provides evidence of external consistency and hence the reliability of both tests. The 
correlation between these test scores was found to be 0.74.  
 
The internal reliability of both the instruments SPGD and SSE was estimated on SPSS 
using the Cronbach’s Alpha measure of reliability, which essentially calculates the 
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average of “all possible split-half reliability coefficients” as a value between 0 and 1 
and “the closer it is to 1- preferably at or over 0.8 - the more internally reliable is the 
scale” (Bryman & Cramer, 2005, p. 77). The 25 25× covariance matrix for the items 
of SPGD and the 16 16×  covariance matrix for SSE were computed and used in the 
analysis and the results shown in Table 4.15 showed that both the instruments had a 
high level of internal consistency. 
 
 
Table 4.15 Internal consistency statistics 
 
_________________________________________________________________ 
Instrument  n No of  Max  Cronbach Cronbach's Alpha  
    Items Score  Alpha  Based on 
     Standardized Items 
________________________________________________________________ 
SPGD  116 25 225 0.98 0.98 
SSE  116 16   64 0.89 0.89 
________________________________________________________________ 
 
Thus the validity and reliability of the instruments used in this study have been 
established and reported to the extent that the nature and constraints of the study 
require and permit. 
 
4.4  Analysis of Student Performance 
 
Four student assessment tools were used in this study. The two Biology tests after a 
topic was taught using TTL or PBL method, were quantitative variables. The SPGD 
and the SSE were rating scales to measure students’ participation in group discussions 
under PBL. Every item was marked on a scale of 1 to 9 on the SPGD rating scale and 
1 to 4 on the SSE rating scale, all items being positively worded. Hence each item on 
the SPGD was taken as a score from 1 to 9 and each item on the SSE was considered 
as a score from 1 to 4. Thus the maximum possible score on the SPGD with 25 items 
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was 225 and on the SSE with 16 items it was 64. The raw scores were retained for 
statistical analyses carried out where rounding may affect the results. The results of 
the various analyses are reported in the following sections.  
 
4.4.1 Correlations between Scores on TTL, PBL, SPGD and SSE 
 
The four scores showed positive correlation in all cases. Table 4.14 displays the 
correlation of each variable with each of the other three. Of particular interest was the 
positive correlation between the TTL and PBL scores. This showed that student 
performance on Biology tests whether taught by the TTL or PBL method were 
similar. Similarly the rating on students’ participations in group discussions showed 
some correlation with both TTL and PBL scores.  
 
4.4.2 Comparison of Students’ Results on TTL and PBL Tests and SPGD and SSE 
Rating Scales 
 
A comparison of student results on the four assessments are summarised below in 
Table 4.16 and a comparative boxplot of the standardised scores is shown in Figure 
4.3. 
 
Table 4.16   Comparison of student results 
 ______________________________________________________________________  
  n Minimum Maximum Mean Std. Deviation 
__________________________________________________________ 
TTL 116 8 97 58.75 19.56 
PBL 116 3 98 57.44 21.98 
SPGD 116             32 96 64.57 15.64 
SSE 116             44              100 70.47 10.80 
 ___________________________________________________________  
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Figure 4.3   Comparison of student performance with standardized scores 
 
4.4.3 Magnitude of Difference in Performance  
The observations from preliminary analysis were used to find the magnitude of 
difference or effect sizes in performance as described in Section 4.1. The magnitude 
of the difference in performance for the whole group on the PBL and TTL tests, the 
SPGD and the SSE as well as between the PBL test and the two rating scales was 
investigated by effect size calculations. These comparisons are shown in Tables 4.17 
to 4.20. 
 
Table 4.17 Magnitude of performance differences between TTL and PBL 
_____________________________________________________________________ 
 n  Mean   sd pooled Diff *Effect Std Error  
       sd in size  of ES 
       Means   Estimate 
_____________________________________________________________________  
TTL 116 35.21 11.65  
     12.28 0.52  0.04 0.13 
PBL 116 34.69 12.87 
____________________________________________________________________ 
*     Very small.  Refer to Table 3.7 
LEGEND 
º 
Outlier 
Maximum 
Upper Quartile 
Median 
Lower Quartile 
Minimum 
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There was hardly any difference between the means of the TTL and PBL tests and 
this small difference in the means translated to a very small effect size due to the 
substantial overlap of the two distributions. This showed that the teaching method had 
no effect on student performance in Biology. 
 
Table 4.18 Magnitude of performance differences between SPGD and SSE  
_____________________________________________________________________ 
 n  Mean   sd pooled Diff *Effect Std Error  
       sd in size  of ES 
       Means   Estimate 
_____________________________________________________________________  
SPGD 116 145.28 35.19  
     25.36 100.18 3.94 0.23  
SSE 116   45.10   6.91 
____________________________________________________________________ 
*     Large.  Refer to Table 3.7 
 
This shows a large difference in the means of SPGD and SSE scores in favour of 
SPGD. However, one has to keep in mind that the SPGD and SSE are rating scales 
scored out of 225 and 64 respectively. It may be that the SPGD instrument is more 
sensitive to any differences than the SSE instrument. 
 
Table 4.19 Magnitude of performance differences between PBL and SPGD 
_____________________________________________________________________ 
 n  Mean   sd pooled Diff *Effect Std Error  
       sd in size  of ES 
       Means   Estimate 
_____________________________________________________________________  
PBL 116 34.69 12.87  
     26.50 -110.59 -4.16 0.23 
SPGD 116       145.28 35.19 
____________________________________________________________________ 
*     Large.  Refer to Table 3.7 
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PBL and SPGD display a large effect size as well in favour of SPGD, again owing to 
the huge difference in the mean scores. In this case the PBL test was scored out of 60 
while the SPGD represents a score out of 225. 
 
Table 4.20 Magnitude of performance differences between PBL and SSE 
_____________________________________________________________________ 
 n  Mean   sd pooled Diff *Effect Std Error  
       sd in size  of ES 
       Means   Estimate 
_____________________________________________________________________  
PBL 116 34.69 12.87  
     10.33 -10.41 -1.00 0.14  
SSE 116 45.10 6.91 
____________________________________________________________________ 
*      Large. Refer to Table 3.7 
 
The PBL test and the SSE rating scale had more comparable maximum scores of 60 
and 64 respectively. However, the mean difference and effect size calculated are large 
as well in favour of SSE. This issue is taken up in the discussion in the next chapter. 
The relative magnitude of performance differences are represented by Figure 4.4 
below.  
 
 
 
 
 
 
 
 
 
Figure 4.4  Magnitude of performance differences  
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The next step in the study was to determine whether the fixed subject variables like 
gender had any influence on performance in any of the assessments mentioned above.  
 
Students’ performances on TTL, PBL, SPGD or SSE scores were analysed in relation 
to their gender, age group, prior qualification, language of instruction in prior 
qualification as well as their learning style traits. Differences based on each of these 
fixed subject variables were analysed separately. The analyses carried out for this are 
detailed below. 
 
4.4.4 Magnitude of Difference in Performance by Gender  
An observation of means showed that female students seem to have scored higher 
than the male students on both tests and both evaluations of participation in group 
discussions. This is also represented using standardised scores in the boxplot shown in 
Figure 4.5. 
 
Table 4.21  Student performance by gender (Percentage scores) 
 
Gender   TTL PBL SPGD SSE__ 
Male Mean 55.17 52.71 63.07 68.49 
  n 49 49 49 49 
  Std. Dev 20.66 23.44 15.60 10.65 
Female Mean 61.37 60.91 65.67 71.92 
  n 67 67 67 67 
  Std. Dev 18.43 20.33 15.70 10.75 
Total Mean 58.75 57.44 64.57 70.47 
  N                  116                116                  116                  116 
  Std. Dev 19.56 21.98 15.64 10.80 
___________________________________________________________ 
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Figure 4.5  Student performance by gender 
 
The magnitude of these differences was then investigated using effect size 
calculations. The means and standard deviations for the 49 male and 67 female 
participants were used in the means analysis shown in Table 4.22.  
LEGEND 
º 
Outlier 
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Upper Quartile 
Median 
Lower Quartile 
Minimum 
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Table 4.22 Means analysis results by gender (Raw scores) 
_____________________________________________________________________ 
  n  Mean sd pooled Diff *Effect Std Error  
       sd in size  of ES 
       Means   Estimate 
_____________________________________________________________________  
TTL Male 49 32.63 12.10  
     11.49 -4.47  -0.39 0.19  
 Female 67 37.10 11.02 
 
PBL Male 49 32.16 13.46  
     12.74 -4.38  -0.34 0.19 
 Female 67 36.54 12.19    
 
SPGD Male 49 141.90 35.10        
     35.23 -5.85  -0.16 0.19  
 Female 67 147.75 35.32    
 
SSE Male 49 43.84 6.82 
     6.85  -2.19  -0.32 0.19 
 Female 67 46.03  6.88 
___________________________________________________________________ 
*     Small.  Refer to Table 3.7 
 
 
All the four assessments displayed a small effect size with the female students scoring 
higher in all the cases.  
 
4.4.5 Magnitude of Difference in Performance by Age  
There was no consistent trend observed in performance when grouped by age. While 
18 – 20 year olds scored highest on the TTL Biology test, the group of students aged 
27 and more seemed to have scored higher on the PBL Biology test compared to other 
groups. The 21 – 23 year olds scored highest on the SPGD while the 24 – 26 year olds 
scored the highest on the SSE rating scales.  
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Table 4.23  Student performance by age group (Percentage scores) 
 
_____________________________________________________________ 
Age Group   TTL PBL SPGD SSE 
_____________________________________________________________ 
18-20 yrs Mean 60.42 58.38 64.94 70.34 
  n 98 98 98 98 
  Std. Dev 18.29 21.83 15.42 10.53  
21-23 yrs Mean 58.89 54.10 66.96 70.49 
  n 9 9 9 9 
  Std. Dev 20.99 22.02 15.00 13.81 
24-26 yrs Mean 36.43 47.43 56.51 73.44 
  n 7 7 7 7 
  Std. Dev 26.01 26.36 20.48 12.69 
27+ yrs Mean 54.42 61.67 63.78 66.41 
  n 2 2 2 2 
  Std. Dev 12.14 18.86 15.40 7.73_ 
Total Mean 58.75 57.44 64.57 70.47 
  n 116 116 116 116 
  Std. Dev 19.56 21.98 15.64 10.80 
_____________________________________________________________ 
 
Of the four categories of age groups the majority of students belonged to the 18 – 20 
years category. The remaining three groups put together had just 18 students. Owing 
to this unequal distribution, another two-category grouping was also devised for age 
group classifying the 18 – 20 year olds as ‘normal age’ and all the other groups 
together as mature age. Student performance by this grouping of age is represented as 
a boxplot in Figure 4.6. The same 2-category grouping was used for the analysis of 
means. The results of this analysis seen in Table 4.24 showed some notable effect size 
variations. 
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Figure 4.6 Student performance by age group  
 
Table 4.24 Means analysis results by age group (Raw scores) 
_____________________________________________________________________ 
  n  Mean sd pooled Diff *Effect Std Error  
       sd in size  of ES 
       Means   Estimate 
_____________________________________________________________________  
TTL Normal age 98 36.20 10.87  
      11.46 6.37 0.55 0.26 
 Mature age 18 29.83 14.38 
 
PBL Normal age 98 35.30 12.70  
      12.85 3.88 0.30 0.26 
 Mature age 18 31.42 13.67    
 
SPGD Normal age 98 146.11 34.69       
      35.29 5.39 0.15 0.26 
 Mature age 18 140.72 38.54    
 
SSE Normal age 98 45.02 6.74 
      6.94 -0.54 -0.08 0.26 
 Mature age 18 45.56 7.97 
____________________________________________________________________ 
*     Medium  Small Very small.  Refer to Table 3.7 
LEGEND 
º 
Outlier 
Maximum 
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There was a medium effect size displayed in the difference between normal age and 
mature age students in performance on TTL in favour of the normal aged students. 
The difference was small for PBL and SPGD and very small for SSE. Furthermore, 
while TTL, PBL and SPGD showed a difference in favour of the normal age students, 
the very small difference observed on the SSE was in favour of the mature age 
students.  
 
4.4.6 Magnitude of Difference in Performance by Prior Qualification 
Prior qualifications of students were also grouped into four categories. Of the 116 
participants, 47 had completed Yr 11 or equivalent and 61 had completed Yr 12. Two 
participants were repeating Foundation Studies and 6 were graduates with university 
degrees prior to joining FS. The following Table 4.25 shows the performance of 
students when grouped by their level of prior qualification. Students who had 
completed Yr 12 scored higher than Yr 11 students on all but the student’s self-
evaluation. The two students who had completed FS clearly showed the best 
performance on all four assessments though this could be due to maturation effect. It 
was interesting to note that the graduate students seemed to score the least on all the 
assessments. However, these are merely preliminary observations and need to be 
analysed further for any meaningful conclusions to be made. 
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Table 4.25 Student performance by prior qualification (Percentage scores) 
___________________________________________________________________ 
Prior Qualification TTL  PBL  SPGD  SSE 
___________________________________________________________________ 
Yr 11 Mean 56.04 55.48 64.56 71.08 
  n 47 47 47 47 
  Std. Dev 18.380 20.247 15.473 12.966 
Yr 12 Mean 62.87 59.51 65.32 70.24 
  n 61 61 61 61 
  Std. Dev 18.700 23.037 15.703 9.081 
Foundation Mean 60.83 68.17 78.44 77.34 
  n 2 2 2 2 
  Std. Dev 20.035 28.049 9.742 5.524_ 
Graduation Mean 37.31 48.22 52.37 65.89 
  n 6 6 6 6 
  Std. Dev 24.118 24.060 13.578 9.448_ 
Total Mean 58.75 57.44 64.57 70.47 
  n 116 116 116 116 
  Std. Dev 19.556 21.980 15.642 10.795 
____________________________________________________________________ 
 
Once again for better comparison and more meaningful analysis the students were 
grouped according to their prior qualification, into two categories as ‘school qualified’ 
and ‘tertiary qualified’. All participants with Yr 11 and 12 qualifications were 
grouped as school qualified and the others were tertiary qualified. A comparison of 
performance of these two groups is shown in the clustered boxplot in Figure 4.7. The 
school qualified students have higher mean scores compared to the tertiary qualified 
counterparts on all assessments except SSE. 
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Figure 4.7 Student performance by prior qualification 
 
Considering these variations in their background, the researcher was interested in 
studying the effect of prior qualification on their achievement in Biology and further 
analyses were carried out along two grouping strategies and the results are displayed 
in Table 4.26 below. First, the means of the Yr 11 students were compared with their 
Yr 12 counterparts on all the four assessments. There was a small effect size in favour 
of Yr 12s on the TTL and PBL tests favouring Yr 12s. However, the effect size was 
very small on both the SPGD and SSE. While the difference on SPGD was still in 
favour of the Yr 12s, the trend was reversed on the SSE rating scale. 
 
Secondly, the means analysis was carried out for the two groups of school and tertiary 
qualified students. Interestingly, this comparison yielded a large effect size on the 
TTL test marked red in the table below. The differences on PBL, SPGD and SSE 
LEGEND 
º 
Outlier 
Maximum 
Upper Quartile 
Median 
Lower Quartile 
Minimum 
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were small.  However, all cases were in favour of the school qualified students which 
was an unexpected result. 
 
Table 4.26 Means analysis results by prior qualification (Raw scores) 
_____________________________________________________________________ 
  n  Mean sd pooled Diff *Effect Std Error  
       sd in size  of ES 
       Means   Estimate 
_____________________________________________________________________  
TTL Yr 11 47 33.14 10.73  
      10.97 -4.88 -0.44 0.20 
 Yr 12 61 38.02 11.15 
 
PBL Yr 11 47 33.33 12.13  
      12.75 -2.78 -0.22 0.19 
 Yr 12 61 36.11 13.20    
 
SPGD Yr 11 47 145.26 34.82      
      35.11 -1.71 -0.05 0.19 
 Yr 12 61 146.97 35.33    
 
SSE Yr 11 47 45.49 8.30 
      7.00 0.54 0.08 0.19 
 Yr 12 61 44.95 5.81 
____________________________________________________________________ 
TTL School 108 35.89 11.19  
      11.42 9.89 0.86 0.37 
 Tertiary 8  26.00 14.53 
 
PBL School 108 34.90 12.76  
      12.90 2.96 0.23 0.37 
 Tertiary 8  31.94 14.92    
 
SPGD School 108 146.22 34.95      
      35.17 13.72 0.39 0.37 
 Tertiary 8  132.50 38.38    
 
SSE School 108 45.19 6.97 
      6.93 1.19 0.17 0.37
 Tertiary 8  44.00 6.28 
____________________________________________________________________ 
*     Large      Small Very small. Refer to Table 3.7 
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4.4.7 Magnitude of Difference in Performance by Language of Instruction of  
Prior Education 
 
Of the 116 participants 53 had completed their prior education with English as the 
language of instruction while the remaining 63 had other languages as the language of 
instruction. As seen in Table 4.27 below and in Figure 4.8, students who had 
completed their prior education in English seemed to score higher than students who 
had other languages as the medium of prior education, showing that language 
difficulties may have affected performance in Biology. 
 
Table 4.27  Student performance by language of instruction of prior education 
(Percentage scores) 
 
___________________________________________________________________ 
Language    TTL PBL SPGD SSE  
of instruction 
__________________________________________________________________ 
English Mean 59.72 59.78 66.45 71.79 
  n 53 53 53 53 
  Std. Dev 20.17 21.63 17.50 12.80 
Other Mean 57.93 55.48 62.98 69.37 
 n 63 63 63 63 
  Std. Dev 19.15 22.25 13.83 8.72 
Total Mean 58.75 57.44 64.57 70.47 
  n 116 116 116 116 
  Std. Dev 19.56 21.98 15.64 10.80  
__________________________________________________________________ 
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Figure 4.8 Student performance by language of instruction of prior education 
 
Table 4.28 Means analysis results by language of instruction (Raw scores) 
_____________________________________________________________________ 
  n  Mean sd pooled Diff *Effect Std Error  
       sd in size  of ES 
       Means   Estimate 
_____________________________________________________________________  
TTL English 53 35.86 12.11  
     11.68 1.19 0.10 0.19 
 Other 63 34.67 11.31 
 
PBL English 53 36.08 12.77  
     12.86 2.55 0.20 0.19 
 Other 63 33.53 12.94    
SPGD English 53 149.51 39.38  
         35.13 7.80 0.22 0.19 
 Other 63 141.71 31.13    
SSE English 53 45.94 8.19  
         6.89 1.54 0.22 0.19 
 Other 63 44.4  6.89    
_____________________________________________________________________ 
*     Small  Very small. Refer to Table 3.7     
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Minimum 
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The analysis of means showed a small difference in performance on PBL, SPGD and 
SSE and a very small difference on TTL as shown in Table 4.28. 
 
The trends observed in all the above analyses of the magnitudes of difference between 
the various demographic variables have been represented in Figure 4.9.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.9  Magnitude of difference in performance by demographic variables 
 
4.4.8 Magnitude of Difference in Performance by Learning Style Traits  
An important aspect of this study was the determination of student learning style and 
its effect on performance in the four assessments, as three of the research questions 
look for relationships between the preferred learning styles of students and their 
performance. As the learning styles were categorised along four dimensions of 
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opposing pairs of learning traits as explained earlier, the next step was to investigate 
for differences in performance among students with different learning traits. Table 
4.29 below shows a comparison of means. 
 
Table 4.29 Student performance by learning style traits (Percentage scores) 
_____________________________________________________________ 
Trait   TTL PBL SPGD SSE 
____________________________________________________________ 
Introvert Mean 61.92 61.50 65.20 70.58 
  n 71 71 71 71 
  Std. Dev 18.89 20.64 15.65 11.26 
Extrovert Mean 53.75 51.03 63.58 70.31 
  n 45 45 45 45 
  Std. Dev 19.75 22.72 15.76 10.13 
Intuitive Mean 54.99 54.88 62.12 71.09 
  n 50 50 50 50 
  Std. Dev 18.36 21.48 15.31 12.59 
Sensing Mean 61.59 59.38 66.42 70 
  n 66 66 66 66 
  Std. Dev 20.08 22.32 15.75 9.28 
Thinking Mean 60.16 59.24 66.62 71.09 
  n 58 58 58 58 
  Std. Dev 19.89 20.44 15.00 10.96 
Feeling Mean 57.34 55.65 62.51 69.85 
  n 58 58 58 58 
  Std. Dev 20.99 22.02 15.00 13.81 
Perceiving Mean 51.94 51.72 60.74 69.95 
  n 30 30 30 30 
  Std. Dev 16.79 18.32 15.70 12.49 
Judging Mean 61.12 59.44 65.90 70.66 
  n 86 86 86 86 
  Std. Dev 19.98 22.88 15.49 10.21 
Total Mean 58.75 57.44 64.57 70.47 
  n 116 116 116 116 
  Std. Dev 19.56 21.98 15.64 10.80 
 
Introverts seemed to score higher on all four assessments compared to extroverts. The 
sensing learners scored higher on the TTL, PBL and SPGD scores while the intuitive 
learners scored slightly higher on the SSE. Between Thinkers and Feelers the thinking 
learners scored higher on all four assessments. In the case of Perceiving and Judging 
learners again it is interesting to note that the judgers scored higher all round. These 
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trends are visible in the boxplots shown in Figure 4.10. Any outliers in calculating 
various group means have been labelled by the serial number of the participant in the 
group list. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.10 Student performance by learning style traits  
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Means analyses were again conducted for each dependent variable TTL, PBL, SPGD 
and SSE, while grouping along the four pairs of learning style traits, 
introvert/extrovert, intuitive/sensing, thinking/feeling and perceiving/judging. The 
results of the analysis and the effect sizes with Hedges’s g correction are summarised 
in the following Tables 4.30 to 4.33. 
 
Table 4.30 Means analysis results by Introvert/Extrovert learning traits (Raw 
scores) 
_____________________________________________________________________ 
  n  Mean sd pooled Diff *Effect Std Error  
       sd in size  of ES 
       Means   Estimate 
_____________________________________________________________________  
TTL Introvert 71 37.07 11.21  
     11.46 4.79 0.42 0.19 
 Extrovert 45 32.28 11.84 
 
PBL Introvert 71 37.08 12.22  
     12.57 6.15 0.49  0.19 
 Extrovert 45 30.93 13.10    
 
SPGD Introvert 71 146.69 35.21        
     35.31 3.65 0.10  0.19 
 Extrovert 45 143.04 35.46    
 
SSE Introvert 71 45.17 7.21 
      6.94  0.17 0.02  0.19 
 Extrovert 45  45.00 6.48 
____________________________________________________________________ 
*     Medium      Small            Very small. Refer to Table 3.7 
 
As seen above all the effect size values showed a difference in favour of introverts. A 
medium effect size was observed on the PBL test and small effect size on TTL. The 
effect size on the SPGD and SSE was very small.  
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Table 4.31 Means analysis results by Intuitive/Sensing learning traits (Raw scores) 
_____________________________________________________________________ 
  n  Mean sd pooled Diff *Effect Std Error  
       sd in size  of ES 
       Means   Estimate 
_____________________________________________________________________  
TTL Intuitive 50 33.00 11.02  
     11.54 -3.89 -0.33 0.19 
 Sensing 66 36.89 11.91 
 
PBL Intuitive 50 33.43 12.17  
     12.88 -2.22 -0.17  0.19 
 Sensing 66 35.65 13.39    
 
SPGD Intuitive 50 139.76 34.44        
     35.01 -9.69 -0.27  0.19 
 Sensing 66 149.45 35.44    
 
SSE Intuitive 50 45.50 8.06 
      6.93  0.70  0.10  0.19 
 Sensing 66  44.80 5.94 
_____________________________________________________________________ 
*     Small  Very small. Refer to Table 3.7   
 
The sensing learners scored higher on all the assessments except the SSE, which 
showed a reversed trend with a very small effect size in favour of the intuitive 
learners. The TTL, PBL and SPGD showed a small effect size in favour of the sensing 
learners. 
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Table 4.32 Means analysis results by Thinking/Feeling learning traits (Raw  
scores) 
_____________________________________________________________________ 
  n  Mean sd pooled Diff *Effect Std Error  
       sd in size  of ES 
       Means   Estimate 
_____________________________________________________________________  
TTL Thinking 58 36.12 11.92  
     11.66 1.82 0.16 0.19 
 Feeling 58 34.30 11.39 
 
PBL Thinking 58 35.57 12.25  
     12.90 1.75 0.13 0.19 
 Feeling 58 33.82 13.51    
 
SPGD Thinking 58 149.90 33.76        
     35.04 9.24 0.26 0.19 
 Feeling 58 140.66 36.28    
 
SSE Thinking 58 45.50 7.01 
      6.93 0.79 0.11 0.19 
 Feeling 58  44.71 6.84___________________________________ 
*     Small   Very small. Refer to Table 3.7   
 
As shown in Table 4.32 above, the means of the thinking and feeling learners showed 
very little difference on the four assessments with the TTL and SPGD showing a 
small effect size, the other two being very small. 
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Table 4.33 Means analysis results by Perceiving/Judging learning traits (Raw  
scores) 
_____________________________________________________________________ 
  n  Mean sd pooled Diff *Effect Std Error  
       sd in  size  of ES 
       Means   Estimate 
_____________________________________________________________________  
TTL Perceiving 30 31.17 10.08  
     11.45 -5.45 -0.47 0.21 
 Judging 86 36.62 11.88 
 
PBL Perceiving 30 31.40 10.72  
     12.77 -4.44 -0.35  0.21 
 Judging 86 35.84 13.40    
 
SPGD Perceiving 30 136.67 35.33        
     34.97 -11.61 -0.33  0.21 
 Judging 86 148.28 34.85    
 
SSE Perceiving 30 44.77 7.99 
      6.94 -0.45 -0.06 0.21 
 Judging 86  45.22 6.54 
_____________________________________________________________________ 
*     Medium         Small   V  Very small. Refer to Table 3.7 
 
The difference in performance between the perceivers and judgers was more apparent 
with the judgers scoring higher on all assessments. The difference showed a medium 
effect size for TTL, a small effect size for PBL and SPGD and a very small effect for 
SSE. 
 
The magnitudes of the differences between all the four pairs of learning style traits on 
the four assessments have been represented in Figure 4.11. As the effect sizes were all 
in favour of introvert learners in Table 4.30, the difference was chosen as I – E while 
in Table 4.31, most of the effect sizes were in favour of sensing learners, the 
difference was represented as S – N. The same procedure was applied to the 
remaining traits. This provided a clearer comparison of effect sizes with only one of 
the differences showing a reversal in the trend on the SSE. This is indicated by the 
negative effect size in the graph. 
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Figure 4.11 Magnitude of difference in performance by learning style traits 
 
4.5 Interactions Among Variables 
Having carried out an analysis of means and variations as well as the magnitude of 
these variations, the researcher went on to analyse these variables in greater depth by 
investigating the effect of two independent variables at a time, on a third dependent 
variable in order to determine whether the two variables influenced one another in 
their effect on the third.  Owing to the many variables and interactions possible, this 
resulted in the investigation of numerous combinations of variables in their influence 
on each other. This was done by constructing line graphs on SPSS and noting 
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observed trends and interactions. The observations, interpretations and sample graphs 
to illustrate these have been included in the following sections. 
 
Line graphs were constructed for investigating the interaction of the four demographic 
fixed subject variables gender, age group, prior qualification and language of 
instruction of prior education with the four pairs of learning style traits and their 
combined effect on performance in TTL, PBL, SPGD and SSE scores. This was done 
by placing a learning style trait pair on the category axis and plotting separate lines 
for each group of the demographic variable against scores on each of the assessments. 
This resulted in 64 graphs that showed some very interesting trends for each group 
along a learning style dimension. Some representative graphs have been included in 
this section and all the graphs as a group are shown in Appendix 16. 
  
Each graph had a learning style dimension on the horizontal axis categorising 
performance levels on one of the assessments shown on the vertical axis and two 
separate lines showing the performance of students grouped according to a 
demographic variable. The two groups of each demographic variable have been 
depicted using two coloured lines. These lines showed some clear trends in many 
cases. In some cases the two lines ran parallel to each other, while in other cases they 
were inclined to each other in varying degrees and in yet other cases they intersected 
each other and crossed over.  
 
Parallel lines upwards or downwards indicate ‘no interaction’ between the 
categorizing variable on the horizontal axis and the two learning style traits 
representing the two lines. However, such graphs do indicate that one level of a 
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variable displays a higher score than the other level for the variable and students of 
one learning style trait scored higher than those with the other trait. Non-parallel lines 
with differing slopes indicate the presence of interaction and it can be seen that the 
greater the difference in slope, the greater the degree of interaction. Effect size 
calculations were employed once more to provide a quantitative measure to the 
varying degrees of interaction, referred to hereafter as the ‘magnitude of interaction’. 
Some representative graphs are shown below. Figure 4.12 shows a graph where the 
lines appear to be parallel indicating no interaction.  
 
Figure 4.12   Interaction between gender and thinking/feeling traits on PBL 
 
Figure 4.13 shows a graph with non-parallel lines indicating there is some interaction 
between gender and the perceiving/judging learning traits. 
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Figure 4.13 Interaction between gender and perceiving/judging traits on SSE 
 
When the lines on a graph cross as shown in Figure 4.14, the performance trends were 
reversed. In this graph, the male introvert students scored higher than the male 
extrovert students however in the case of the female students, the reverse was 
observed. 
Figure 4.14 Interaction between gender and introvert/extrovert traits on SPGD 
 
The endpoints of the lines indicate the mean score of a subgroup of students grouped 
according to the learning style traits as well as the demographic variable concerned. 
For example in Figure 4.12, the endpoints of the blue line representing male students 
 134
denotes the mean score on the PBL test for male perceiving learners and male judging 
learners. These means were calculated on SPSS and the difference in means between 
the endpoints of the two lines on each learning trait end was determined and the effect 
sizes were calculated using Coe’s effect size calculator spreadsheet (Coe, 2006) as 
stated in Chapter 3. 
 
The effect sizes of the difference between the two pairs of endpoints at each learning 
style trait were calculated. The magnitude of the interaction was defined as the 
difference between these two effect sizes. When the lines cross over, the differences 
between the two endpoints were added together to represent the true difference. The 
same numerical classification described in Section 4.1 of Chapter 4 and shown in 
Table 3.7 of Chapter 3, was used to classify the magnitude of interaction as very 
small, small, medium or large. The summary of the magnitude of interaction between 
the variables calculated and classified in this way is shown in Table 4.34. The tables 
showing all effect sizes and magnitudes of interaction for all the variable 
combinations are included in Appendix 17.  
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Table 4.34  Interaction between demographic variables and learning style traits 
_____________________________________________________________________ 
Subject  Dependent   Learning style traits 
Variables variables I / E    N / S      T / F P / J 
         * Magnitude of interaction_______________ 
Gender TTL small very small very small small 
 PBL medium small none very small 
 SPGD medium very small small small 
 SSE small small small medium 
 
Age group TTL medium large small large  
 PBL very small very small very small small 
 SPGD small small very small none 
 SSE small medium large small 
 
Prior TTL none medium large large 
Qualification PBL small small small small 
 SPGD small large large small 
 SSE very small large medium small 
 
Language of TTL small small very small large 
Instruction of PBL medium small very small large 
Prior education SPGD small small small medium 
 SSE medium medium small small 
_____________________________________________________________________ 
*Refer to Table 3.7 and Appendix 17 
 
Figures 4.17, 4.18, 4.23 and 4.28, which are shown in the next few sections, represent 
the magnitude of interaction of the learning traits with each demographic variable. 
Absolute values of  | effect size1 – effect size2 | have been used, as these values are 
being considered for non-directional magnitudes at this stage. The signed values 
shown in Appendix 17 and their implication for interpretation will be taken up during 
discussions in the next chapter. 
 
4.5.1  Magnitude of Interaction between Gender and the Learning Style Traits 
Studying the 16 graphs generated by SPSS in investigating the interaction between 
learning style traits and gender, some trends became evident. Sample graphs shown in 
the section above in Figures 4.12 to 4.14 are three of these graphs. In Figure 4.15, the 
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female students have scored higher than male students in general on the PBL test 
however the difference is more pronounced for the extrovert learners than for the 
introvert learners. Calculations of effect sizes have shown that there is a medium 
interaction between gender and introvert/extrovert learning traits when considering 
the effect on performance on the PBL test. 
 
 
Figure 4.15 Interaction between gender and introvert/extrovert traits on PBL 
 
In Figure 4.16 below, the female students have scored higher than the male students 
but this variation is not very different between the thinking and feeling learners. The 
lines show nearly the same slopes and the differences between means at the two 
endpoints do not appear very different. Effect size calculations have shown that the 
interaction is very small. 
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Figure 4.16  Interaction between gender and thinking/feeling traits on TTL 
 
The magnitudes of interactions between gender and all the learning style traits on 
each of the assessments are shown in Figure 4.17. 
 
 
 
 
 
 
 
 
Figure 4.17 Magnitude of interaction between gender and learning traits  
 
It was observed that while there were no large interactions, the introvert/extrovert 
learning style traits showed relatively greater interaction with gender. There was a 
small interaction on the TTL test and a medium interaction on both PBL and the 
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SPGD. The interaction was also more pronounced on the perceiving/judging traits 
especially on the SSE. 
 
4.5.2  Magnitude of Interaction between Age Group and the Learning Style Traits 
Using the two category grouping into normal age and mature age students, and the 
same definitions for the classification of interactions described earlier, the graphs 
were analysed for trends as before. The results in Table 4.34 and the magnitude graph 
in Figure 4.18 show some trends.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.18 Magnitude of interaction between age and learning traits 
 
The learning traits showed a fair amount of interaction with age group on the TTL 
scores and SSE scores. The interactions observed on PBL and SPGD were relatively 
smaller in magnitude. Line graphs for some of these cases are shown in Figures 4.19 
to 4.22.  
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While the mean score on the TTL test was fairly close for both normal and mature age 
introvert students in Figure 4.19, there was a clear difference in favour of normal age 
group among the extroverts. This was calculated as an interaction of medium 
magnitude. On the PBL test however, the two lines were nearly parallel to the naked 
eye as seen in Figure 4.20. The magnitude of interaction was found to be very small. 
Figures 4.21 and 4.22 are examples of interactions of small magnitude. 
 
Figure 4.19   Interaction between age group and introvert/extrovert traits on TTL
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Figure 4.20 Interaction between age group and introvert/extrovert traits on PBL 
 
 
Figure 4.21 Interaction between age group and intuitive/sensing traits on SPGD 
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Figure 4.22  Interaction between age group and introvert/extrovert traits on SSE 
 
 
4.5.3  Magnitude of Interaction between Prior Qualification and the Learning Style 
Traits 
 
The interactions between prior qualification and the learning style traits were not as 
pronounced as in the case of gender or age group.  The two-category grouping of 
school qualified and tertiary qualified was used as explained earlier for this analysis. 
As seen in Table 4.34 prior qualification showed a number of small, medium and 
large interactions with the learning style traits. This can also be seen in the graph in 
Fig 4.23.  Contrary to the previous cases, the introvert/extrovert trait has shown 
relatively less interaction with prior qualification compared to the other three learning 
trait pairs. Furthermore five large interactions can be observed between learning style 
and prior qualification on the various assessments. 
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Figure 4.23 Magnitude of interaction between prior qualification and learning traits 
 
 
On the TTL test, while the introvert/extrovert learning trait showed negligible 
interaction all the other traits showed a medium to large interactions. On the other 
hand there were relatively small interactions on the PBL test. Some of these cases are 
shown in Figures 4.24 to 4.26. No interaction was found between prior qualification 
and the introvert/extrovert learning trait on TTL as seen in Figure 4.24. On the other 
hand, Figures 4.25 and 4.27 show large interactions while Figure 4.26 shows a small 
interaction.  
TTL
PBL SPGD
SSE
0
0.2
0.4
0.6
0.8
1
1.2
1.4
Magnitude of 
Interaction with 
prior qualification
Assessment
I/E
N/S
T/F
P/J
 143
 
 
Figure 4.24 Interaction between prior qualification and introvert/extrovert traits on  
        TTL 
 
 
 
Figure 4.25 Interaction between prior qualification and thinking/feeling traits on TTL 
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Figure 4.26 Interaction between prior qualification and introvert/extrovert traits on 
PBL 
 
 
 
Figure 4.27 Interaction between prior qualification and intuitive/sensing traits on  
SPGD 
 
 
  
4.5.4  Magnitude of Interaction between Language of Instruction of Prior Education 
and the Learning Style Traits 
 
Language of instruction of prior education of the students was another variable with 
two levels, English or a language other than English. The interactions between prior 
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language of instruction and the learning traits showed some trends that can be 
observed in Fig 4.28  and in Table 4.34. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.28 Magnitude of interaction between language of instruction of prior  
qualification and learning traits 
 
In this case the perceiving/judging trait and language of prior instruction showed 
relatively greater interaction compared to the other traits while the thinking/feeling 
trait showed relatively smaller interactions. Some selected samples of these graphs are 
shown below in Figures 4.29 to 4.33. The first two graphs display a small interaction 
while the third is an example of a very small interaction. Figures 4.32 and 4.33 show 
large interactions. 
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Figure 4.29 Interaction between language of instruction of prior qualification and 
intuitive/sensing traits on SPGD 
 
 
Figure 4.30 Interaction between language of instruction of prior qualification and 
introvert/extrovert traits on SPGD  
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Figure 4.31 Interaction between language of instruction of prior qualification and 
thinking /feeling traits on TTL 
 
   
 
 
Figure 4.32 Interaction between language of instruction of prior qualification and 
perceiving/judging traits on TTL 
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Figure 4.33 Interaction between language of instruction of prior qualification and 
perceiving/judging traits on PBL 
 
 
Thus the trends seemed to show that students’ learning style preferences and the 
demographic variables were linked to some extent in their effect on students’ 
performances in Biology and PBL. These trends will be discussed in combination 
with other observations and results in Chapter 5. 
 
4.6 Interview Analysis 
 
In interviews students were encouraged to express their views on PLSI, TTL, PBL 
and their future pathways for higher education. The interviews were conducted in an 
informal way and hence students could air their views in a relaxed manner. Although 
semi-structured questions were used to get students’ frank opinions about PLSI, TTL, 
PBL and their future educational pathways, the researcher tried to get the answers 
mainly for the following questions. 
• Do you agree with the outcome of the analysis of the learning style inventory 
by the researcher? What is your percentage of agreement? 
• Which is your preferred method of learning between TTL and PBL? 
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• What are the merits of the preferred method of learning? 
• What are the demerits of the non-preferred method of learning? 
• What is the intended pathway of studies after Foundation Studies? 
 
All 116 students voluntarily participated in the interview. Following the interview, the 
participants were provided with the transcriptions of the interview. It was read and 
verified by the participants and acknowledged that their respective transcripts were 
the accurate accounts of their respective interviews. 
 
Information gathered from the transcript of the interview was categorised according to 
the five questions mentioned earlier of this section. The summary of the responses for 
each question is given below. 
 
The Table 4.35 shows whether the participants agree with the outcome of PLSI 
analysis and the percentage of agreement by the participants. 
 
Table 4. 35  Percentage of agreement with PLSI analysis 
____________________________________________________ 
Number of participants  Percentage of agreement 
____________________________________________________ 
4        100 
32 95 
34 90 
12 85 
21 80 
  1 75 
  8 70 
  1 65 
   3 60 
_____________________________________________________ 
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The Table 4.36 is an expression of students’ preferred method of learning between 
TTL and PBL in response to Question 2. 
 
Table 4.36 Preferred method of learning 
____________________________________________________ 
 TTL     78 
 PBL     11 
Combination of    27 
            TTL and PBL 
_____________________________________________________ 
Total     116 
 
The response to Question 3 varied and it depended on whether the students’ preferred 
mode of learning was TTL, PBL or a combination of TTL and PBL. A range of 
reasons have been expressed by students in support of their choices. The following 
paragraph is a summary of students’ views in support of TTL. 
 
Save time…Notes are easy to follow…Easy to learn when teacher explains …Enjoy 
teacher’s explanations…Quite comfortable and confident learning process …Good 
experience to learn in the presence of a teacher…Learning process is faster and 
effective Learning in the presence of a teacher is better…The resources given by 
teachers are better than any other resources…More learning takes place in 
classroom… in the presence of a teacher…Easy to correct mistakes…Flow of 
information from teacher to students is a nice experience…Get enough time to engage 
in other…activities as well…Complicated concepts become easy quickly…Gives  
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proper foundation for learning…Well organised form of learning…Nice way of 
learning…Learning becomes a fun…Easy to clarify things immediately…Help from 
teachers facilitates learning…Always get the feeling of moving in the…right 
track…Easy to add more knowledge from a teacher. Easy to recollect certain 
concepts that are learned before…Helps to overcome language problems to certain 
extent…. 
 
An overview of students’ responses in support of PBL are as follows. 
 
Learning by group discussion is fun…Get opinion from different people…It helps us 
to think and solve problems ourselves…It is good guidance of how to learn in tertiary 
level…It is a good mode of searching and collecting information and learning how to 
learn…I can put it into practical life rather than just memorizing it for the exam…It 
gives chance to interact with others…it is a good brain exercise…It helps me to 
analyse situation critically…It is a good way for the student 
preparation…Information is flowing in the form of a network…It enhances research 
capabilities…Get opportunities to explore more…There is no limitation for 
learning…It brings new ideas and broadens knowledge…learn how to tolerate and 
respect others view points…it is a new experience for me to learn how to learn, how 
to share information and learn new knowledge…Get opportunities to explore 
more…Students have the authority for their own learning…Students become more 
mature in their learning process…Students become more responsible for their own  
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learning…There is no limit for expanding knowledge…Till one is satisfied, they can 
add on new information…It gives opportunities to learn how other people learn…got 
more opportunities to work in groups…From one topic learned many 
things…Learned how to interconnect different concepts…learned to be 
critical…Learned how to derive hypothesis…Build more confidence to talk to 
others…Helped to discover myself…Improves skill and cooperative learning…No 
limit for the acquisition of knowledge…Helps to compare one’s level of knowledge 
with others…. 
 
The next paragraph gives an account of the demerits of TTL in response to Question 
4.  
 
Not much student interaction…Not learning how to learn…Not a fun to listen 
always…Has to follow what teacher says, even though it is good…Most of the things 
will forget after the examination…Students are over protected…For everything 
students approach teachers…If somebody fails, the blame goes to teachers…Students 
always depend on teachers…Students learn only from teachers, text books, notes 
etc…There is no enough reflection, communication between students…There is 
always some boundaries…We have to learn according to the instructions or guidance 
even though it have many advantages…Students won’t become independent…The 
flow of information is mostly from teacher to students…Teachers are the 
authorities…Teachers teach with the framework of the curriculum…Learning 
potential is not fully exposed…Listening and writing together is difficult…Not get 
enough training in self learning…. 
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Similarly the demerits of PBL were also given elaborately in response to Question 4. 
An account of this is given as follows. 
 
Time consuming…It is not fair to work a few people in a group work and others share 
the benefits…Finding resources is difficult…students are with different 
capabilities…Sometimes it is difficult to learn in groups…Students learning attitudes 
are different…Couldn’t follow this method properly…Language problem is a big 
issue in PBL and I need teachers help to understand certain concepts clearly…PBL is 
a confusing learning method…Nobody is fully aware of what they suppose to do…It is 
not effective as a basic way of learning…lack of co-operation in group 
discussions…Couldn’t learn all learning outcomes within a short period of 
time…Often fail to understand how deep one must go…Searching information by 
myself is very difficult…Sometimes I became frustrated…Not effective 
always…Difficult to conceptualise new knowledge…Not good learning new concepts 
without a teacher…All students fail to take responsibilities equally…If you don’t know 
how to gather information, it is a difficult task…Sometimes come to wrong 
conclusions…Some students are not willing to share information…Group orientation 
is difficult…Often lose right direction…Not confident in this method…Cannot study in 
my own way…have to face students with different learning approaches…Won’t get 
enough time in other life activities…Won’t get enough time to concentrate in other 
subjects…Have to maintain the pace with other students…   
 
Question 5 was asked to find students’ future study pathways in tertiary education. 
Table 4.37 shows students’ intended study pathways after the successful completion 
of FS.  
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Table 4.37 Students’ intended study pathways after FS 
____________________________________________  
Study pathways  Number of students 
____________________________________________ 
 Biotechnology    26 
Nursing    18 
Food Technology   15 
Biomedical Science   14 
Chiropractics    07 
Lab Medicine    06 
Chinese Medicine   04 
Nutrition    03 
Complementary medicine  02 
Medical Radiology   02 
Agricultural Science   02 
Aviation    02 
Chem Eng / Biotechnology  01 
Vetinary Science   01 
Electrical Eng / Business  01 
Environmental Science  01 
Applied Science   01 
Construction Management  01 
Hospitality    01 
Social Worker    01 
IT     01 
Human Movement   01 
Business    01 
Consumer Science (Marketing) 01 
Nutrition    01 
Pharmacy    01 
            Osteopathy    01 
____________________________________________ 
Total     116 
  
4.7 In Summary 
Analysis of data was done using both quantitative and qualitative methods. 
Preliminary analysis gave frequency tables and correlations between the variables 
involved. All the test results and measurements of participation in group discussions 
were found to have positive correlations with each other. The reliability and validity 
of all the instruments used was established. An effect size analysis was carried out to 
determine the magnitude of differences. Thereafter further probes for trends were 
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conducted which were of greater interest to this research study in conjunction with 
interview data collected. 
 
Table 4.34 gives an overview of the results of this probe for trends and calculations of 
magnitudes of interaction. Effect size and magnitude of interaction graphs also 
provide a visual representation of these results while the interaction line graphs have 
shown the nature of the interactions. These general trends that were observed were 
then subjected to more detailed qualitative analysis in conjunction with the interview 
data collected from all the participants, with a view to gain more insight and 
understanding of the results obtained by the statistical analyses. The discussions and 
conclusions are presented in Chapter 5. 
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CHAPTER 5 
 
Discussions, Findings and Recommendations 
 
5.1 Introduction 
 
This chapter is mainly devoted to summarising how the research questions have been 
answered in the light of the data analysis. Further discussions and interpretations as 
well as recommendations to improve teaching and learning of international students 
from different educational, cultural and linguistic background are elaborated. The 
limitations of the study have also been discussed. Hence this concluding chapter is 
presented under the following sections. 
 
• Section 5.2 depicts the research methods in relation to the objectives of the 
study 
• Section 5.3 discusses the results of data analysis and its interpretations 
• Section 5.4 reports the findings of this research 
• Section 5.5 responds to the research questions 
• Section 5.6 reports on the constraints and limitations of the study 
• Section 5.7 suggests recommendations for better teaching and learning 
• Section 5.8 discusses the significance and contributions of this study 
• Section 5.9 proposes suggestions for future research and recommendations  
• Section 5.10 draws up a brief summary of this chapter 
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5.2 Research Methods in Relation to the Objectives of the Study 
 
Increasing number of international students in Australia and the growing use of the 
Problem-Based method of teaching and learning in the Health Sciences were two 
factors that motivated this study. All Foundation Studies (FS) students at RMIT are 
international students and of these most of the Biology students proceed to tertiary 
education in the Health Sciences like Biomedical science, Biotechnology, Nursing, 
Osteopathy, Laboratory Medicine, Medical radiology, Chiropractics, Chinese 
medicine and Complementary medicine. Hence the Biology students of FS at RMIT 
over four academic years were chosen as the participants of the study. The researcher 
being a FS Biology teacher was curious to know how these international students 
cope with the Problem-Based method of learning and whether their approaches to 
learning and their demographic and educational backgrounds influenced their 
performance in Biology and Problem-Based Learning (PBL). In view of these 
objectives, the research methodology involved determining the students’ preferred 
approaches to learning, teaching them two different topics in Biology under the two 
methods of teaching and learning, Traditional Teaching and Learning (TTL) and 
Problem-Based Learning (PBL) and measuring their performance at the end of each 
topic using the various instruments of assessment described in Section 3.6 of Chapter 
3. The study involved a combination of both quantitative and qualitative methods. The 
data collected included the demographic data of each student, scores on two Biology 
tests after TTL and PBL methods of teaching and learning, students’ approaches to 
learning by using the Paragon Learning Style Inventory (PLSI) (Shindler, 2003), 
scores on Students’ Participation in Group Discussions (SPGD) and Student’s Self-
Evaluation (SSE) as well as students’ opinions collected through individual 
interviews. The analysis of the data included quantitative analyses using the statistical 
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package SPSS 13.0 and the Excel spreadsheet and further analytic probes to discover 
trends displayed by the data and finally qualitative analysis incorporating the 
interview data. 
 
5.3 Discussion and Interpretation of the Results of Data Analysis 
The first step in the analysis of data was to compile statistical summaries of the 
independent variables of the population. As shown in Table 4.1 of Chapter 4, of the 
116 participants, 25 did their FS in 2003, 36 in 2004, 24 in 2005 and 31 in 2006. Of 
these, 62 were from Intake One over the four years while 54 were from Intake Two. 
Of the ten topics of Biology in semester 2, two topics were selected for research 
purposes. According to the research design, the 62 Intake One students were taught 
Topic 1 by the TTL method and Topic 2 by the PBL method while the 54 Intake Two 
students were taught Topic 1 by the PBL method and Topic 2 by the TTL method. All 
the students took a Biology test at the end of each topic and the score was recorded as 
their TTL/PBL mark according to their respective method of teaching. This provided 
all the 116 students with a score on both TTL and PBL tests as a measure of their 
performance in Biology after learning under the two teaching methods. However, 
reversing the topics for the groups controlled for any effect of difference in the 
difficulty level of the topics. 
 
5.3.1 Demographics of the Participants 
The summary of the demographics of the participants of the research was shown in 
Tables 4.2 to 4.5 of Chapter 4. While the gender distribution was fairly even with 49 
male and 67 female students, age group and prior qualification groups were not 
evenly distributed. The majority of the students were in the 18 – 20 yrs group which 
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accounted for 98 or 84.5% of the participants while there were only nine, seven and 
two students in the other three age groups respectively as shown in Table 4.3. Hence 
for analysis purposes a two-category grouping was used which classified the students 
as normal age and mature age as explained in section 4.4.5 of Chapter 4. Similarly 
when grouped by prior qualification, the group sizes were vastly different as shown in 
Table 4.4. This was overcome by grouping the students as school qualified and 
tertiary qualified.  The language of instruction of prior education was more evenly 
distributed with 53 students having studied in English and 63 in languages other than 
English. 
 
5.3.2 Preferred Learning Traits 
 
The preferred learning style of each student as determined by the PLSI is shown in 
Table 4.6. As noted in Section 4.2 while there was at least one student in each of the 
16 types of learning styles defined, the distribution was far from equal. The most 
frequent learning style in this cohort of 116 international students turned out to be the 
ISTJ. This indicated an introvert – sensing – thinking – judging learning style. This 
was followed by the ISFJ style, which was only different in the thinking/feeling trait. 
The third preferred style was the ESTJ, which only differed by the introvert/extrovert 
trait from the ISTJ. This was followed by the INFJ and the ENFJ with 10 and 9 
students respectively. This again varied only in the introvert/extrovert traits. The 
remaining learning styles had fewer students in each with the ISTP and the ESTP 
being the least frequent with only one student in each. Owing to this unequal 
distribution of participants over the learning style groups it was decided to study 
learning style along the four dimensions of opposing learning style traits as detailed in 
Section 4.2 of Chapter 4. Thus a closer look at the frequencies of the learning styles 
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showed that the two groups with the highest frequencies ISTJ and ISFJ had introvert, 
sensing and judging learning traits in common and the five groups with high 
frequencies all had the judging trait in common.   
 
The statistical summary of the four dimensions of the learning style traits was shown 
in Tables 4.7 to 4.10 in Chapter 4. While thinking/feeling students were equally 
distributed, this was not the case with the other three pairs of learning traits. There 
were 50 intuitive and 66 sensing students, 71 introverts and 45 extroverts in the group. 
However, there were far more judging learners than perceiving learners in this group 
of participants. The perceiving students were 30 and judging learners were 86 in 
number. This was as noted above that the groups with the top five frequencies of 
learning styles all had judging trait in common. The mean scores for each trait pair 
were compared as shown in Table 4.12. All the four pairs showed similar means and 
effectively same standard deviations. The differences observed in effect sizes could 
have been due to the differing number of cases in the various categories. 
 
5.3.3 Effect Size of Differences between TTL, PBL, SPGD and SSE Scores  
  
Comparison of students’ results on TTL and PBL tests and SPGD and SSE rating 
scales scores were shown in Section 4.4.2. As seen in Figure 4.4, there was a large 
effect size in the performance difference between SPGD & PBL, SPGD & SSE as 
well as SSE & PBL. With reference to Cohen’s (1988) table for Equivalents of d, this 
would indicate a ~98%, ~97% and ~55% non-overlap between the respective score 
distributions. This also showed that the upper 50% of scores on SPGD exceeded 
almost all scores on the PBL test, 50% of scores on SPGD were higher than nearly all 
scores on SSE and 50% of scores on SSE exceeded 84.1% of scores on PBL. On the 
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other hand the magnitude of difference between TTL and PBL was found to be 
negligible indicating virtually 0% non-overlap which indicated that the upper 50% of 
TTL scores exceeds the lower 50% of PBL scores. This suggested that teaching 
method had no effect on performance in Biology or that the teaching methods were 
not as distinct as implied by their separate descriptors. However, the large effect sizes 
on other differences called for further investigations to find possible explanations. 
This was done by investigating differences in performance based on demographic 
variables and learning style traits.  
 
5.3.4 Effect Size of Differences in Performance by Demographic Variables  
 
The effect of demographic variables on performance is visually represented in Figure 
4.9.  The demographic variables seemed to affect the performance on TTL the most 
with school and tertiary qualified students showing a large effect size, age difference 
showing a medium effect size, gender difference showing a small effect size and 
language of prior instruction a very small effect size. All the demographic variables 
showed a small effect size on the other three assessments. The effect size descriptors 
have been shown in Table 3.7 of Chapter 3.  
 
However, looking at the demographic variables, gender showed a small effect in 
favour of female students on three of the assessments TTL, PBL and SSE while the 
effect was very small on the SPGD. According Cohen’s d table, this indicated a 
27.4% non-overlap between the scores of the male and female students or that 50% of 
scores of female students exceeded 65.5% of the scores of the male students on TTL. 
On the PBL and SSE there was a 21.3% non-overlap between the scores of male and 
female students, which meant that 50% of the female students scored higher than 
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about 61.8% of the male students. This suggested that gender did not contribute 
substantially to performance difference under TTL and PBL approaches.  
 
The analysis of the variable age, showed a medium effect size on TTL and a small 
effect size on PBL. The effect of the age was very small on SPGD and SSE. However, 
the difference was in favour of normal age students on all assessments except SSE on 
which the difference in performance was in favour of mature age students. This 
showed that there was a 38.2% non-overlap between the normal age and mature age 
student scores on the TTL test. It also indicated that 50% of the scores of normal age 
students on TTL exceeded 72.6% of the scores of mature age students.  On the PBL 
test there was a 21.3% non-overlap between normal age and mature age students, 
which meant that 50% of the normal age students scored higher than about 61.8% of 
the mature age students. This suggested that the mature age students seemed to cope 
better under the Problem-Based approach. On the SPGD there was a 14.7% non-
overlap between normal age and mature age students, which indicated that 50% of the 
scores of normal age students on TTL exceeded 57.9% of the scores of mature age 
students. On the other hand on the SSE, there was a 7.7% non- overlap between the 
two age groups, which showed that 50% of the mature age students scored higher than 
about 54% of the normal age students. Thus the mature age students seemed more 
comfortable with self-evaluation. 
 
In the case of prior qualification, the performance difference was in favour of school 
qualified students on all the four assessments. The effect size was large in the case of 
TTL and small on the other three assessments. From Cohen’s table, this indicated that 
there was a 51.6% non-overlap between scores of the school qualified and tertiary 
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qualified students on TTL, which meant that 50% of the school qualified students 
scored higher than 81.6% of the tertiary qualified students. On both the PBL and SSE 
there was a 14.7% non-overlap between scores of the two groups, which indicated 
that 50% of the scores of school qualified students exceeded 57.9% of the scores of 
tertiary qualified students. On the SPGD with a 27.4% non-overlap between the two 
groups it showed that 50% of the scores of the school qualified students were higher 
than 65.5% of the scores of tertiary qualified students. The difference in performance 
between the school and tertiary qualified students was reduced under the PBL 
approach compared with the TTL approach. 
 
The effect of the language of instruction of prior qualification was very small on TTL 
and small on the other three assessments. This reflected a non-overlap of 7.7% 
between the scores of students with English as language of instruction and students 
with other languages of instruction on TTL. This means that 50% of the scores of the 
former group exceeded 54% of the scores of the latter group. On the other three 
assessments there was a 14.7% non-overlap between the scores of the two groups 
which indicated that 50% of the scores of students with English as the language of 
instruction exceeded 57.9% of the scores of students with other languages of 
instruction for their prior qualification. The difference in performance between the 
two language groups became more apparent under the PBL approach. This was 
probably because language difficulties could hinder progress under the student 
centred and self-directed learning activities in PBL. 
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5.3.5 Effect Size of Differences in Performance by Learning Traits  
 
The magnitude of difference in performance by learning style traits shown in Figure 
4.11, were all small or very small. The learning style traits seemed to affect the 
performance on TTL and PBL the most, SPGD to a smaller extent and SSE the least.  
 
Looking at the learning style traits, the effect size was in favour of introverts on all 
the assessments. While the effect size of introvert/extrovert traits on TTL and PBL 
assessment was small, that of SPGD and SSE was very small. Using Cohen’s 
interpretation, on TTL there was a 27.4% non-overlap of the scores of introvert and 
extrovert learners, which showed that 50% of introvert students scored higher than 
65.5% of extrovert students. The medium effect size displayed on PBL pointed to a 
33% non-overlap between scores of introvert and extrovert learners. This meant that 
50% of the scores of introvert students exceeded 69.1% of the scores of their 
extrovert counterparts. A 7.7% non-overlap between the scores of the two groups on 
the SPGD showed that 50% of the introvert students scored higher than 54% of the 
extrovert students. The negligible effect size on SSE indicated a 0% non-overlap, 
which indicated that there was no difference in performance between the introvert and 
extrovert students. Thus it can be seen that the little difference in performance noted 
between the introverts and the extroverts was more pronounced on the PBL test 
compared to the TTL test and this difference was further reduced on the SPGD and 
SSE which rated participation in PBL group discussion activities. According to the 
Paragon Learning Style Inventory (PLSI) (Shindler, 2003) descriptions, introverts can 
work well alone or in a group, set own standards and explore ideas and concepts 
deeply from inside out. This helps them perform well in TTL and PBL situations. On 
the other hand extroverts are more confident socially, like to know how others are 
 165
doing it and offer ideas from the outside in. This may allow them to work well in 
groups but may cause them to lose focus of learning issues and prevent deep learning 
at times. This may explain the higher scores obtained by introverts on all assessments. 
However, this difference was more on PBL compared to TTL but reduced on SPGD 
and SSE. 
 
There was a small effect size in favour of sensing learners on TTL, PBL, SPGD 
assessments whereas the very small effect size on the SSE assessment was in favour 
of intuitive learners. This translated to a 21.3% non-overlap between the scores of 
intuitive and sensing learners on TTL and SPGD and hence 50% of the sensing 
learners scored higher than 61.8% of the intuitive learners.  On the PBL test, there was 
a 14.7% non-overlap between the scores of the two groups. It showed that 50% of the 
scores of sensing learners exceeded the scores of 57.9% of the intuitive learners. In 
the case of SSE, a 7.7% non-overlap between the scores of the intuitive and sensing 
learners, indicated that 50% of intuitive learners scored higher than 54% of the 
sensing learners. This showed that the difference in performance between the two 
groups was relatively smaller under the PBL method. According to the PLSI 
interpretation of learning style traits, intuitive learners are more imaginative and 
abstract, like new challenges and dislike routine and detail whereas sensing learners 
are more realistic and practical, more patient and steady, use experience and common 
sense and like routine and order. This suggested that the sensing learners were able to 
cope well under both teaching methods. 
 
The effect size was in favour of thinkers on all assessments, though it was small on 
TTL and SPGD but very small on PBL and SSE. With a 14.7% non-overlap between 
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the scores of thinkers and feelers on TTL it was seen that the scores of 50% of 
thinkers exceeded the scores of 57.9% of feelers. On both PBL and SSE scores, the 
percentage of non-overlap was 7.7%, which indicated that 50% of thinkers scored 
higher than 54% of feelers. On the SPGD the non-overlap was 21.3% between the 
scores of the two groups, which showed that 50% of the thinkers had a higher score 
than 61.8% of the feelers. Thus there was not much difference in performance 
between thinkers and feelers under the two teaching methods. According to the PLSI 
interpretation of learning style traits, thinkers are fair minded, tuned to logical 
consistency and make decisions based on rational thought whereas feelers are more 
interested in people than ideas, are tuned to others’ feelings and make decisions based 
on his/her heart. These characteristics are suitable for both TTL and PBL approaches. 
This may contribute to the small and very small effects on both TTL and PBL. 
 
In the case of perceivers and judgers, the effect size observed was in favour of 
judgers on all four assessments. However, it was medium on TTL, small on PBL and 
SPGD and very small on SSE. The interpretation of the effect size on TTL indicated a 
33% non-overlap between perceivers and judgers showing that 50% of judging 
learners scored higher than 69.1% of the perceiving learners. On PBL the non-overlap 
between the scores of the two groups was 27.4% with 50% of the judgers scoring 
higher than 65.5% of the perceivers. There was a 21.3% non-overlap on SPGD 
between the perceiver and judger scores showing that 50% of scores of judgers 
exceeded the scores of 61.8% of perceivers. The non-overlap was 7.7% on SSE scores 
between perceiving and judging learners. Hence 50% of judgers scored higher than 
54% of perceivers. This indicated that though judgers scored higher on all 
assessments, the difference was reduced on the scores of the PBL test and the SPGD 
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and SSE rating scales. The PLSI interpretation of perceiving learners characterises 
them as curious, flexible, adaptable, preferring to keep options open and liking the 
spontaneous and unplanned. On the other hand, judgers are more decisive, like 
planned and scheduled activities, order and organisation and have set opinions. This 
would probably make the perceiving learners more akin to the Problem-Based 
Learning and the judgers relate more to the traditional method.  
 
5.3.6 Magnitude of Interactions between Demographic Variables and Learning Traits 
on Students’ Performance  
 
The interactions between independent variables and dependent variables were 
illustrated with numerous line graphs as shown in Appendix 16 and effect size 
calculations as shown in Appendix 17. Discussions of these effect sizes as well as the 
magnitudes of interaction calculated from them would lead to numerous 
interpretations. Hence the researcher has decided to summarise these interpretations in 
the form of concise tables to improve readability and comprehension. Moreover the 
visual colour coding used in previous chapters (large = red, medium = yellow, small = 
green and very small = blue) has been maintained so that the magnitude of interaction 
(interpreted as the interaction effect size) as well as possible explanations of these 
interactions become visible to the reader. These interpretations are shown in Tables 
5.1 - 5.16. As explained in Chapter 4, these analyses involved finding the difference 
of means and their effect sizes of various groups of students according to their 
demographic as well as preferred learning trait classifications. Each result may be 
interpreted by considering the percentage non-overlap and relative positions of the 
distribution of their scores from Cohen’s table for equivalents of d in the same way as 
before. To represent this in a table, the researcher has decided to call the group with 
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the higher mean score as Group 1 and the one with the lower mean score as Group 2 
in each combination.  
 
Table 5.1 Interaction between gender & Introvert/Extrovert learning traits 
_____________________________________________________________________ 
Assess Group 1 Group 2      *Effect *Difference           *Magnitude  
    Size in Effect Sizes       of 
      Interaction 
_____________________________________________________________________  
TTL Fem Intr Male Intr 0.22  
     0.28 in favour of Extr Small 
 Fem Extr Male Extr 0.50 
 
PBL Fem Intr Male Intr 0.04  
     0.59 in favour of Extr Medium 
 Fem Extr Male Extr 0.63    
 
SPGD Fem Intr Male Intr 0.12     
    0.45 in favour of Extr Medium 
 Fem Extr Male Extr 0.57   
 
SSE Fem Intr Male Intr 0.26 
     0.15 in favour of Extr  Small 
 Fem Extr Male Extr 0.41 
_____________________________________________________________________ 
*      Medium        Small         Very small.  Refer to Table 3.7 and Appendix 17 
 
The influence of an interaction can be seen when the effect sizes differ when another 
variable is taken into account. It can be clearly seen from Table 5.1 that effect sizes 
for the difference between male and female extrovert students differ from the 
corresponding effect sizes for the difference between male and female introvert 
students. The magnitude of the difference in effect sizes varies but, on the evidence 
from this study, is always in favour of the extrovert group. This suggests that the 
extrovert trait is possibly contributing to the difference in performance between the 
genders. Thus there is clearly some interaction between gender and the 
introvert/extrovert learning style traits. 
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Table 5.2 Interaction between gender & Intuitive/Sensing learning traits 
_____________________________________________________________________ 
Assess Group 1 Group 2      *Effect *Difference           *Magnitude  
    Size in Effect Sizes       of 
      Interaction 
_____________________________________________________________________  
TTL Fem Intuit Male Intuit 0.26  
     0.14 in favour of Sens Very small 
 Fem Sens Male Sens 0.40 
 
PBL Fem Intuit Male Intuit 0.46  
     0.25 in favour of Intuit Small 
 Fem Sens Male Sens 0.21    
 
SPGD Fem Intuit Male Intuit 0.17     
    0.09 in favour of Intuit Very small 
 Fem Sens Male Sens 0.08   
 
SSE Fem Intuit Male Intuit 0.67 
     0.27 in favour of Intuit Small 
 Fem Sens Male Sens 0.40 
_____________________________________________________________________ 
*            Medium        Small        Very small.   Refer to Table 3.7 and Appendix 17 
 
It can be seen that effect sizes for the difference between the male and female intuitive 
students and the male and female sensing students differ to varying extent. It was 
found to be in favour of sensing students on TTL and in favour of intuitive students on 
the other three assessments. The effect size was found to be medium between intuitive 
male and female students on PBL and SSE in Table 5.2. However, the effect size was 
found to be small between male and female sensing students in both cases. Thus the 
intuitive/sensing traits may also have contributed to the difference in performance 
between the genders.  
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Table 5.3 Interaction between gender & Thinking/Feeling learning traits 
_____________________________________________________________________ 
Assess Group 1 Group 2      *Effect *Difference           *Magnitude  
    Size in Effect Sizes       of 
      Interaction 
_____________________________________________________________________  
TTL Fem Think Male Think 0.32  
     0.14 in favour of Feel Very small 
 Fem Feel Male Feel 0.46 
 
PBL Fem Think Male Think 0.36  
     0.04 in favour of Think Very small 
 Fem Feel Male Feel 0.32 
   
SPGD Fem Think Male Think 0.28  
     0.22 in favour of Think Small 
 Fem Feel Male Feel 0.06 
 
SSE Fem Think Male Think 0.46  
     0.29 in favour of Think Small 
 Fem Feel Male Feel 0.17 
_____________________________________________________________________ 
*        Medium              Small              Very small.   Refer to Table 3.7 and Appendix 17 
 
The magnitudes of interaction between the thinking/feeling traits and gender as shown 
in Table 5.3 were small or very small on all assessments and there was no common 
trend observable. The difference between the male and female students was greater 
among the feelers on TTL while the difference was greater among the thinkers on 
PBL, SPGD and SSE. This indicated that though there was very little interaction 
between gender and the thinking/feeling traits, the male thinking students might need 
more support in PBL.   
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Table 5.4 Interaction between gender & Perceiving/Judging learning traits 
_____________________________________________________________________ 
Assess Group 1 Group 2      *Effect *Difference           *Magnitude  
    Size in Effect Sizes       of 
      Interaction 
_____________________________________________________________________  
TTL Fem Perc Male Perc 0.52  
     0.15 in favour of Perc Small 
 Fem Judg Male Judg 0.37 
 
PBL Fem Perc Male Perc 0.43  
     0.10 in favour of Perc Very small 
 Fem Judg Male Judg 0.33 
   
SPGD Fem Perc Male Perc 0.32  
     0.20 in favour of Perc Small 
 Fem Judg Male Judg 0.12 
 
SSE Fem Perc Male Perc 0.79 
     0.66 in favour of Perc Medium 
 Fem Judg Male Judg 0.13 
_____________________________________________________________________ 
*        Large         Medium        Small         Very small.   Refer to Table 3.7 and Appendix 17 
 
Considering the perceiving/judging traits as shown in Table 5.4, the difference 
between the male and female scores was greater among the perceivers compared to 
the judgers on all four assessments and this was more pronounced in the case of TTL 
and SSE.  Thus there was a clear interaction between the perceiving/judging traits and 
gender and the perceivers could have been partly responsible for the difference in 
performance between the genders. 
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The next analysis in Chapter 4 was of interaction between age and learning style 
traits. The interpretations of the results are shown in Tables 5.5 – 5.8.  
 
Table 5.5 Interaction between age & Introvert/Extrovert learning traits 
_____________________________________________________________________ 
Assess Group 1 Group 2      *Effect *Difference           *Magnitude  
    Size in Effect Sizes       of 
      Interaction 
_____________________________________________________________________ 
TTL NA Intr MA Intr 0.27  
     0.59 in favour of Extr  Medium 
 NA Extr MA Extr 0.86 
 
PBL NA Intr MA Intr 0.30  
     0.06 in favour of Intr Very small 
 NA Extr MA Extr 0.24    
 
SPGD NA Intr MA Intr 0.06  
     0.19 in favour of Extr Small 
 NA Extr MA Extr 0.25   
 
SSE MA Intr NA Intr 0.26  
     0.44 by reversed trends Small 
 NA Extr MA Extr 0.18 
_____________________________________________________________________ 
*        Large         Medium          Small            Very small.   Refer to Table 3.7 and Appendix 17 
 
As seen in Table 5.5, there was a large effect size displayed by the difference between 
the means of normal age and mature age extrovert students on TTL, while this 
difference was small among the introvert students. This has resulted in a medium 
magnitude of interaction between age and introvert/extrovert traits. This could be a 
cause for the difference in performance between age groups as well as introverts and 
extroverts. On the SSE the trends in performance were reversed causing the 
magnitude of interaction to be larger than the two effect sizes. This corresponds to the 
line graph that crosses over (Appendix 16) requiring addition of the effect sizes to 
evaluate the magnitude of interaction.  
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Table 5.6 Interaction between age & Intuitive/Sensing learning traits 
_____________________________________________________________________ 
Assess Group 1 Group 2      *Effect *Difference           *Magnitude  
    Size in Effect Sizes       of 
      Interaction 
_____________________________________________________________________ 
TTL NA Intuit MA Intuit 1.06  
     0.85 in favour on Intuit Large 
 NA Sens MA Sens 0.21 
 
PBL NA Intuit MA Intuit 0.36  
     0.11 in favour of Intuit Very small 
 NA Sens MA Sens 0.25    
 
SPGD NA Intuit MA Intuit 0.39  
     0.43 by reversed  trends Small 
 MA Sens NA Sens 0.04    
 
SSE MA Intuit NA Intuit 0.42  
     0.71 by reversed trends Medium  
 NA Sens MA Sens 0.29  
_____________________________________________________________________ 
*       Large         Medium        Small        Very small.     Refer to Table 3.7 and Appendix 17 
 
In Table 5.6 a large interaction was observed between age and intuitive/sensing traits 
on TTL and this can be seen to be due to the large effect size of the difference 
between the normal age and mature age intuitive students’ mean scores on TTL. On 
the SPGD and SSE the reversed trends in performance caused the magnitude of 
interaction to be larger than the respective effect sizes.  
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Table 5.7 Interaction between age & Thinking/Feeling learning traits 
_____________________________________________________________________ 
Assess Group 1 Group 2      *Effect *Difference           *Magnitude  
    Size in Effect Sizes       of 
      Interaction 
_____________________________________________________________________ 
TTL NA Think MA Think 0.49  
     0.15 in favour of Feel Small 
 NA Feel MA Feel 0.64 
 
PBL NA Think MA Think 0.26  
     0.10 in favour of Feel Very small 
 NA Feel MA Feel 0.36    
 
SPGD NA Think MA Think 0.20  
     0.07 in favour of Think Very small 
 NA Feel MA Feel 0.13   
 
SSE NA Think MA Think 0.41  
     1.08 by reversed trends Large 
 MA Feel NA Feel 0.67 
_____________________________________________________________________ 
*        Large         Medium        Small         Very small.   Refer to Table 3.7 and Appendix 17 
 
A similar situation can be observed in Table 5.7 on the SSE, where reversal of 
performance trends has caused a large interaction between the thinking/feeling traits 
and age. A different phenomenon is seen in the case of TTL where the effect size is 
medium for differences between normal age and mature age thinking students as well 
as the normal age and mature age feeling students. However, the interaction is found 
to be small as the two differences are not very different in value with line graphs 
having similar slopes. 
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Table 5.8 Interaction between age & Perceiving/Judging learning traits 
_____________________________________________________________________ 
Assess Group 1 Group 2      *Effect *Difference           *Magnitude  
    Size in Effect Sizes       of 
      Interaction 
_____________________________________________________________________  
TTL NA Perc MA Perc 1.29  
     0.88 in favour on Perc Large 
 NA Judg MA Judg 0.41 
 
PBL NA Perc MA Perc 0.46  
     0.18 in favour of Perc Small 
 NA Judg MA Judg 0.28    
 
SPGD NA Perc MA Perc 0.15  
     0.02 in favour of Judg Very small 
 NA Judg MA Judg 0.17   
 
SSE MA Perc NA Perc 0.35  
     0.38 by reversed trends Small 
 NA Judg MA Judg 0.03  
_____________________________________________________________________ 
*        Large         Medium        Small         Very small.   Refer to Table 3.7 and Appendix 17 
 
In Table 5.8, a large interaction is seen between age and the perceiving/judging traits 
on TTL. This can be seen to be due to the large effect size of the difference between 
normal age and mature age perceiving students while this difference was small among 
the judging students. This could indicate that the perceiving trait may have 
contributed to any difference in performance between the age groups on the TTL test. 
In the case of the SSE a reversal in trend was observed requiring the addition of effect 
sizes to calculate the magnitude of interaction. 
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 Tables 5.9 – 5.12 show the interpretations of the analysis of interactions between 
prior qualification and learning style traits.  
 
Table 5.9   Interaction between prior qualification & Introvert/Extrovert learning  
       traits 
_____________________________________________________________________ 
Assess Group 1 Group 2      *Effect *Difference           *Magnitude  
    Size in Effect Sizes       of 
      Interaction 
_____________________________________________________________________ 
TTL Sch Intr Ter Intr 0.75  
     0.02 in favour of Extr Very small 
 Sch Extr Ter Extr 0.77 
 
PBL Ter Intr Sch Intr 0.09  
     0.32 by reversed trends Small 
 Sch Extr Ter Extr 0.23    
 
SPGD Sch Intr Ter Intr 0.18  
     0.30 in favour of Extr Small 
 Sch Extr Ter Extr 0.48   
 
SSE Sch Intr Ter Intr 0.12  
     0.08 in favour of Extr Very small 
 Sch Extr Ter Extr 0.20 
_____________________________________________________________________ 
*        Large         Medium        Small         Very small.   Refer to Table 3.7 and Appendix 17  
 
 
It can be seen in Table 5.9 that despite differences in performance between school 
qualified and tertiary qualified students, the interactions with the introvert/extrovert 
learning traits are all small or very small on all the assessments. The large difference 
in performance between school and tertiary qualified students on TTL was similar for 
both introvert and extrovert students suggesting very little interaction. On PBL though 
the magnitude of interaction was small, it was interesting to note that the performance 
trend was reversed in the case of introverts and tertiary qualified students seemed to 
score slightly higher. This suggests that the introvert learners were able to overcome 
some of the difference between the two groups. On the SPGD though the difference 
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between the whole group of school and tertiary students was small, when grouped 
according to the introvert/extrovert traits, there was a medium effect size displayed on 
the difference between school and tertiary qualified students among extroverts. 
Though the magnitude of difference was very small it could suggest that the extrovert 
trait may have contributed to the small difference between school and tertiary 
qualified students on the SPGD. The two groups were similar on the SSE and in 
general it was found that the magnitude of interaction between prior qualification and 
introvert/extrovert learning traits was either small or very small on all the 
assessments. 
 
However, a look at tables 5.10 – 5.12 shows that on TTL the other three pairs of 
learning traits may have contributed to the difference in performance between school 
and tertiary qualified students shown by the medium and large interactions displayed 
on TTL between prior qualification and these learning traits. 
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Table 5.10    Interaction between prior qualification & Intuitive/Sensing learning traits 
_____________________________________________________________________ 
Assess Group 1 Group 2      *Effect *Difference           *Magnitude  
    Size in Effect Sizes       of 
      Interaction 
_____________________________________________________________________ 
TTL Sch Intuit Ter Intuit 1.16  
     0.59 in favour of Intuit  Medium 
 Sch Sens Ter Sens 0.57 
 
PBL Sch Intuit Ter Intuit 0.42  
     0.39 in favour of Intuit Small 
 Sch Sens Ter Sens 0.03    
 
SPGD Sch Intuit Ter Intuit 1.02  
     1.25 by reversed trends Large 
 Ter Sens Sch Sens 0.23   
 
SSE Sch Intuit Ter Intuit 0.67  
     1.15 by reversed trends Large 
 Ter Sens Sch Sens 0.48  
_____________________________________________________________________ 
*        Large         Medium        Small         Very small.   Refer to Table 3.7 and Appendix 17 
 
Overall, Table 5.10 shows that there are small, medium or large interactions between 
prior qualification and the intuitive/sensing learning traits. On all the four assessments 
the difference between the school and tertiary qualified students was clearly larger 
among the intuitive learners than among the sensing learners. On both SPGD and SSE 
there is actually a reversal in performance trends, which is the cause for the large 
magnitudes of interaction. This showed that the sensing students may have coped 
better with any difficulties that widened the gap in scores between the school and 
tertiary qualified students.   
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Table 5.11   Interaction between prior qualification & Thinking/Feeling learning traits 
_____________________________________________________________________ 
Assess Group 1 Group 2      *Effect *Difference           *Magnitude  
    Size in Effect Sizes       of 
      Interaction 
_____________________________________________________________________ 
TTL Sch Think Ter Think 0.57  
     0.84 in favour on Feel Large 
 Sch Feel Ter Feel 1.41 
 
PBL Sch Think Ter Think 0.14  
     0.27 in favour of Feel Small 
 Sch Feel Ter Feel 0.41    
 
SPGD Sch Think Ter Think 0.01  
     1.06 in favour on Feel Large 
 Sch Feel Ter Feel 1.07   
 
SSE Ter Think Sch Think 0.05  
     0.61 by reversed trends  Medium 
 Sch Feel Ter Feel 0.56  
_____________________________________________________________________ 
*        Large         Medium        Small         Very small.   Refer to Table 3.7 and Appendix 17 
 
There were also varying levels of interaction like small, medium and large between 
prior qualification and the thinking/feeling learning traits as seen in Table 5.11. On 
both TTL and SPGD the large interaction may have been a consequence of the large 
effect size of difference in mean scores between the school and tertiary qualified 
feeling students. Though relatively less pronounced this was also the case on PBL. 
Furthermore, there was a reversal of performance trend on the SSE for thinking 
students causing the medium interaction on it. Thus the thinking/feeling traits could 
have contributed considerably to the difference in performance between school and 
tertiary qualified students.  
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Table 5.12  Interaction between prior qualification & Perceiving/Judging learning  
  traits 
_____________________________________________________________________ 
Assess Group 1 Group 2      *Effect *Difference           *Magnitude  
    Size in Effect Sizes       of 
      Interaction 
_____________________________________________________________________ 
TTL Sch Perc Ter Perc 1.72  
     0.89 in favour on Perc Large 
 Sch Judg Ter Judg 0.83 
 
PBL Ter Perc Sch Perc 0.10  
     0.42 by reversed trends Small 
 Sch Judg Ter Judg 0.32 
 
SPGD Sch Perc Ter Perc 0.73  
     0.34 in favour of Perc Small 
 Sch Judg Ter Judg 0.39 
 
SSE Sch Perc Ter Perc 0.34  
     0.19 in favour of Perc Small 
 Sch Judg Ter Judg 0.15  
_____________________________________________________________________ 
*        Large         Medium        Small         Very small.  Refer to Table 3.7 and Appendix 17 
 
Among perceivers and judgers the difference between school and tertiary qualified 
students was clearly more pronounced in the case of perceivers on TTL, SPGD and 
SSE with the largest difference on TTL as shown in Table 5.12. On PBL the trend 
was reversed and the very small difference was in favour of the tertiary qualified 
students. This suggests that there were interactions ranging from small to large 
between prior qualification and the perceiving/judging traits. It can be seen that the 
judgers appeared able to overcome the difference to a greater extent and that the 
larger difference in performance was under the traditional method of learning. 
 
Interpretations of the interactions between language of instruction and learning traits 
are shown in Tables 5.13 – 5.16. It had been noted that as a whole group students with 
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English as the language of instruction in their prior education seemed to score slightly 
higher than their counterparts with other languages of instruction.  
 
Table 5.13 Interaction between language of instruction & Introvert/Extrovert  
learning traits 
_______________________________________________________________________________________________________ 
Assess Group 1 Group 2      *Effect *Difference           *Magnitude  
    Size in Effect Sizes       of 
      Interaction 
_____________________________________________________________________ 
TTL Eng Intr Oth Intr 0.05  
     0.15 in favour of Extr Small 
 Eng  Extr Oth Extr 0.20 
 
PBL Oth Intr Eng Intr 0.05  
     0.65 by reversed trends Medium 
 Eng  Extr Oth Extr 0.60 
 
SPGD Eng Intr Oth Intr 0.06  
     0.41 in favour of Extr Small 
 Eng  Extr Oth Extr 0.47 
 
SSE Eng Intr Oth Intr 0.04  
     0.52 in favour of Extr  Medium 
 Eng  Extr Oth Extr 0.56  
_____________________________________________________________________ 
*           Medium             Small              Very small.   Refer to Table 3.7 and Appendix 17 
 
However, it can be seen from Table 5.13 that this difference is more pronounced in 
the case of extrovert students on all four assessments. This possibly indicates that the 
introverts have overcome any shortcomings in language proficiency to a larger extent 
than the extrovert students. Thus we can clearly see some interaction between the 
language of instruction and the introvert/extrovert learning traits. 
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Table 5.14 Interaction between language of instruction & Intuitive/Sensing  
learning traits 
_______________________________________________________________________________________________________ 
Assess Group 1 Group 2      *Effect *Difference           *Magnitude  
    Size in Effect Sizes       of 
      Interaction 
_____________________________________________________________________ 
TTL Oth Intuit Eng Intuit 0.12  
     0.38 by reversed trends Small 
 Eng Sens Oth Sens 0.26 
 
PBL Eng Intuit Oth Intuit 0.09  
     0.18 in favour of Sens Small 
 Eng Sens Oth Sens 0.27 
 
SPGD Eng Intuit Oth Intuit 0.47  
     0.43 in favour of Intuit Small 
 Eng Sens Oth Sens 0.04 
 
SSE Eng Intuit Oth Intuit 0.46  
     0.44 in favour of Intuit Medium 
 Eng Sens Oth Sens 0.02  
_____________________________________________________________________ 
*         Medium          Small           Very small.   Refer to Table 3.7 and Appendix 17 
 
In the case of the intuitive/sensing traits from Table 5.14, while the difference 
between the two groups was more pronounced among sensers on TTL and PBL, the 
reverse was the case on SPGD and SSE. Considering that the former are written topic 
tests and the latter are rating scales for participation in group discussions, this 
suggested that the intuitive students with other languages of instruction seemed to 
have coped better on written tests while the sensing students with other languages of 
instruction were able to reduce the gap in scores on SPGD and SSE compared to 
students with English as the language of instruction.  
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Table 5.15 Interaction between language of instruction & Thinking/Feeling  
learning traits 
_____________________________________________________________________ 
Assess Group 1 Group 2      *Effect *Difference           *Magnitude  
    Size in Effect Sizes       of 
      Interaction 
_____________________________________________________________________ 
TTL Eng Think Oth Think 0.16  
     0.12 in favour of Think Very small 
 Eng Feel Oth Feel 0.04 
 
PBL Eng Think Oth Think 0.16  
     0.07 in favour of Feel Very small 
 Eng Feel Oth Feel 0.23 
 
SPGD Eng Think Oth Think 0.31  
     0.17 in favour of Think Small 
 Eng Feel Oth Feel 0.14 
 
SSE Eng Think Oth Think 0.40  
     0.35 in favour of Think Small 
 Eng Feel Oth Feel 0.05  
_____________________________________________________________________ 
*            Small         Very small.   Refer to Table 3.7 and Appendix 17 
 
The interactions between language of instruction and thinking/feeling traits as shown 
in Table 5.15 were all small or very small and in favour of thinkers on three of the 
assessments. Thus the thinking/feeling traits may not have had much interaction with 
the language of instruction of prior education. 
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Table 5.16 Interaction between language of instruction & Perceiving/Judging  
learning traits 
_____________________________________________________________________ 
Assess Group 1 Group 2      *Effect *Difference           *Magnitude  
    Size in Effect Sizes       of 
      Interaction 
_____________________________________________________________________ 
TTL Oth Perc Eng Perc 0.42  
     0.78 by reversed trends  Medium 
 Eng Judg Oth Judg 0.36 
 
PBL Oth Perc Eng Perc 0.66  
     1.18 by reversed trends Large 
 Eng Judg Oth Judg 0.52 
 
SPGD Oth Perc  Eng Perc 0.25  
     0.73 by reversed trends  Medium 
 Eng Judg Oth Judg 0.48 
 
SSE Oth Perc Eng Perc 0.06  
     0.43 by reversed trends Small 
 Eng Judg Oth Judg 0.37  
_____________________________________________________________________ 
*        Large         Medium        Small         Very small.   Refer to Table 3.7 and Appendix 17 
 
An interesting trend that can be observed in the case of the perceiving/judging traits in 
Table 5.16, is that on all the four assessments, there was a reversal of trend for the 
perceiving students. ie. among perceiving learners, students with other languages of 
instruction in their prior education scored higher than students with English as their 
language of instruction, causing medium or large interactions. This suggests that, like 
the introverts, perceivers also seemed to cope better with any language difficulties 
they may have faced in learning Biology. This indicates that both introvert/extrovert 
and perceiving/judging traits had notable interaction with language of instruction. 
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5.4 Findings of this Research  
Collating the observations made so far in relation to the research questions, the 
following results emerged for this sample of 116 FS students at RMIT.  
 
Analysis of performance when grouped by demographic variables, showed that: 
• The difference in the means between female and male students was found to 
be 4.47, 4.38, 5.85 and 2.19 on TTL, PBL, SPGD and SSE respectively. On 
further analysis of magnitude of difference in performance, the effect size was 
found to be small (0.39) on TTL, (0.34) on PBL, (0.16) on SPGD and (0.32) 
on SSE in favour of female students on all four assessments as indicated in 
Table 4.22. Hence a definite trend was observed in favour of female students 
in comparisons by gender, though the effect sizes were small. 
 
• The difference in mean scores between the normal age (18-20 year olds) and 
mature age (21+) students was found to be 6.37, 3.88 and 5.39 on TTL, PBL 
and SPGD respectively. On the SSE the mean score of the mature age students 
was 0.54 higher than the normal age students. The effect size of the difference 
in performance was found to be medium (0.55) on TTL, small (0.30) on PBL 
and small (0.15) on SPGD in favour of normal age students. On the SSE, 
however, the effect size was found to be very small (0.08) in favour of mature 
age students as shown in Table 4.24. Hence the trend observed here was in 
favour of normal age students except on SSE. This slight reversal in trend was 
further investigated in interaction analysis. 
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• The difference in mean scores between the school qualified and tertiary 
qualified students was observed to be 9.89, 2.96, 13.72 and 1.19 on TTL, PBL, 
SPGD and SSE respectively. The effect size of the difference in performance 
was found to be large (0.86) on TTL and small (0.23) on PBL, (0.39) on 
SPGD and (0.17) on SSE in favour of school qualified students as shown in 
Table 4.26. Once again a definite trend was observed in favour of school 
qualified students on all four assessments. 
 
• The difference in mean scores between students with English as language of 
instruction in their prior education and the students with other languages of 
instruction was found to be 1.19, 2.55, 7.80 and 1.54 on TTL, PBL, SPGD and 
SSE respectively. The effect size of the difference in performance was very 
small (0.10) on TTL and small (0.20) on PBL, (0.22) on SPGD and (0.22) on 
SSE in favour of students with English as language of instruction in their prior 
education as indicated in Table 4.28. The trend observed here was in favour of 
students with English as language of instruction in their prior education on all 
four assessments. 
 
Analysis of performance when grouped by learning trait pairs showed that: 
 
• The difference in mean scores between the introverts and extroverts was 
observed to be 4.79, 6.15, 3.65 and 0.17 on TTL, PBL, SPGD and SSE 
respectively. The effect size of difference in performance was small (0.42) on 
TTL, medium (0.49) on PBL and very small (0.10) on SPGD and (0.02) on 
SSE in favour of introverts as shown in Table 4.30. Hence a clear trend was 
observed in favour of introverts on all four assessments. 
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• The difference in mean scores between the intuitive and sensing students was 
found to be 3.89, 2.22 and 9.69 on TTL, PBL and SPGD respectively. On the 
SSE the mean score of the intuitive students was 0.70 higher than the sensing 
students. The effect size of the difference in performance was found to be 
small (0.33) on TTL, (0.17) on PBL and (0.27) on SPGD in favour of sensing 
students. On the SSE, however, the effect size was found to be very small 
(0.10) in favour of intuitive students as shown in Table 4.31.  The trend 
observed here was in favour of sensing students except on the SSE. 
 
• The difference in mean scores between the thinkers and feelers was found to 
be 1.82, 1.75, 9.24 and 0.79 on TTL, PBL, SPGD and SSE respectively. The 
effect size of the difference in performance was found to be small (0.16) on 
TTL and (0.26) on SPGD and very small (0.13) on PBL and (0.11) on SSE in 
favour of thinkers as shown in Table 4.32. Hence the trend observed was in 
favour of thinkers on all four assessments. 
 
• The difference in mean scores between the judgers and perceivers was found 
to be 5.45, 4.44, 11.61 and 0.45 on TTL, PBL, SPGD and SSE respectively. 
The effect size of the difference in performance was found to be medium 
(0.47) on TTL, small (0.35) on PBL and (0.33) on SPGD and very small (0.06) 
on the SSE in favour of judgers as shown in Table 4.33. Hence a clear trend 
was observed in favour of judgers on all four assessments. 
 
However, as these differences were not large in effect size terms, the above results 
can only be treated as indicating general trends observed. Further analyses for 
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interactions (Appendix 17) were carried out in order to explore possible explanations 
for these trends and some further interpretations emerged. 
 
• Interaction analyses between gender and the learning style traits shown in 
Appendix 17, indicated that there was a small (0.28) interaction between 
gender and introvert/extrovert traits on TTL. This was due to the small (0.22) 
effect size of the difference in means between the male and female extrovert 
students and the medium (0.50) effect size of the difference in means of the 
male and female introvert students.  The magnitude of interaction between 
gender and introvert/extrovert traits on PBL was found to be medium (0.59) 
and this was due to the very small (0.04) and medium (0.63) effect sizes of the 
difference in means between the two groups. In the case of SPGD, the 
magnitude of interaction was found to be medium (0.45) and this was due to 
the very small (0.12) and medium (0.57) effect sizes of the difference in means 
between male and female introverts and male and female extroverts. On the 
SSE, the magnitude of interaction was small (0.15). This value was obtained 
as a result of the small (0.26) effect size of the difference of means between 
the male and female introverts and the small (0.41) effect size of the 
difference in means between the male and female extroverts.  
 
There was a very small (0.14) interaction between gender and intuitive/sensing 
traits on TTL. This was due to the small (0.26) effect size of the difference in 
means between the male and female intuitive students compared to the small 
(0.40) effect size of the corresponding difference in the sensing group.  The 
magnitude of interaction between gender and intuitive/sensing traits on PBL 
 189
was found to be small (0.25) and this was due to the medium (0.46) effect size 
of the difference in means between the male and female intuitive learners and 
the small (0.21) effect size of the difference in means between male and 
female sensing learners. In the case of SPGD, the magnitude of interaction 
was found to be very small (0.09) and this was due to the small (0.17) and very 
small (0.08) effect sizes of the difference in means between male and female 
intuitive learners and male and female sensing learners. On the SSE, the 
magnitude of interaction was small (0.27). This value was obtained as a result 
of the medium (0.67) effect size of the difference in mean between male and 
female intuitive students and the small (0.40) effect size of the male and 
female sensing learners.  
 
It can be observed that the difference between male and female intuitive 
students was more pronounced than the difference between the male and 
female sensing students, on PBL, SPGD and SSE. The trend was reversed on 
TTL. Thus the intuitive trait may also have contributed to the difference in 
performance between the genders especially under Problem- Based method of 
learning.  
 
In the case of interaction between gender and the thinking/feeling traits the 
magnitude of interaction on TTL was very small (0.14) owing to the small 
(0.32) effect size of the difference in means between male and female thinking 
students and the medium (0.46) effect size of the difference in means between 
male and female feeling students. On PBL the magnitude of interaction was 
very small (0.04) due to the similar small (0.36 and 0.32) effect sizes of the 
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difference in means between male and female thinkers and male and female 
feelers. There was a small (0.22) interaction between gender and 
thinking/feeling traits on SPGD obtained from a small (0.28) effect size and a 
very small (0.06) effect size of the difference in means between the two 
groups. A small (0.29) interaction was seen on the SSE and this was due to the 
medium (0.46) effect size of the difference in means between the male and 
female thinking students and the small (0.17) effect size of the difference in 
means between the male and female feeling students. Thus the thinking 
learners may have contributed to the difference in performance between the 
genders especially in the case of Problem-Based method of learning. 
 
A small (0.15) interaction was observed between gender and 
perceiving/judging traits on TTL, owing to the medium (0.52) effect size of the 
difference in means between the male and female perceiving students 
compared to the small (0.37) effect size of the difference in means between the 
male and female judging students. On PBL, the magnitude of interaction was 
very small (0.10) obtained from two small (0.43 and 0.33) effect sizes of the 
difference in means between the two groups. The interaction observed 
between gender and the perceiving/judging traits on SPGD was small (0.20) 
due to the small (0.32 and 0.12) effect sizes of the difference in means 
between the two groups. In the case of SSE, the magnitude of interaction was 
found to be medium (0.66) and this was due to the large (0.79) and very small 
(0.13) effect sizes of the difference in means between male and female 
perceiving learners and male and female judging learners. It was noted that the 
difference between the male and female perceiving students was greater than 
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the difference between the male and female judging students and the 
difference was more pronounced on TTL and SSE while on PBL and SPGD, 
the difference was relatively smaller. Thus the perceiving trait could also have 
been contributing to the difference in performance between the genders.  
 
• Interaction analyses between age and the learning style traits shown in 
Appendix 17, indicated that there was a medium (0.59) interaction between 
age and introvert/extrovert traits on TTL. This was due to the large (0.86) 
effect size of the difference in means between the normal age and mature age 
extrovert students. Hence this suggests that being an extrovert could contribute 
to the difference in performance between normal and mature aged students on 
TTL. The magnitude of interaction between age and introvert/extrovert traits 
on PBL was found to be very small (0.06) and this was due to similar effect 
sizes (0.30 and 0.24) of the difference in means between normal age and 
mature age introverts and normal age and mature age extroverts. In the case of 
SPGD, the magnitude of interaction was found to be small (0.19) and this was 
due to the very small (0.06) and small (0.25) effect sizes of the difference in 
means between normal age and mature age introverts and normal age and 
mature age extroverts. On the SSE, the magnitude of interaction was small 
(0.44). This value was obtained as a result of the reversed trend of mature age 
introverts scoring higher than normal age introverts with an effect size of 0.26 
while the extroverts maintained the observed general trend of normal age 
scoring higher than mature age students with an effect size of 0.18.  
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There was a large (0.85) interaction between age and intuitive/sensing traits on 
TTL. This was due to the large (1.06) effect size of the difference in means 
between the normal age and mature age intuitive students compared to the 
small (0.21) effect size of the corresponding difference in the sensing group.  
Hence this suggests that the intuitive trait could contribute to the difference in 
performance between normal and mature aged students on TTL. The 
magnitude of interaction between age and intuitive/sensing traits on PBL was 
found to be very small (0.11) and this was due to similar effect sizes (0.36 and 
0.25) of the difference in means between normal age and mature age intuitive 
learners and normal age and mature age sensing learners. In the case of SPGD, 
the magnitude of interaction was found to be small (0.43) and this was due to 
the small (0.39) and very small (0.04) effect sizes of the difference in means 
between normal age and mature age intuitive learners and normal age and 
mature age sensing learners together with the fact that the trend was reversed 
in the latter case. On the SSE, the magnitude of interaction was medium 
(0.71). This value was obtained as a result of the reversed trend of mature age 
intuitive students scoring higher than normal age intuitive students with an 
effect size of 0.42 while the sensing learners maintained the observed general 
trend of normal age scoring higher than mature age students with an effect size 
of 0.29. 
 
There was little interaction between age and the thinking/feeling traits except 
on the SSE, which again showed a reversal of general trend. The magnitude of 
interaction between age and the thinking/feeling traits on TTL was small 
(0.15) owing to both effect sizes of the difference in means between normal 
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age and mature age students in both the thinking and feeling groups being 
medium (0.49 and 0.64). On PBL the magnitude of interaction was very small 
(0.10) due to the similar small (0.26 and 0.36) effect sizes of the difference in 
means between normal age and mature age thinkers and normal age and 
mature age feelers. There was a very small (0.07) interaction between age and 
thinking/feeling traits on SPGD obtained from a small (0.20) effect size and a 
very small (0.13) effect size of the difference in means between the two 
groups. A large (1.08) interaction was seen on the SSE and this was due to a 
reversal of trend exhibited by the feelers. While the difference in means 
between the normal age and mature age thinking students had a small (0.41) 
effect size the difference in means between the normal age and mature age 
feeling students had a medium (0.67) effect size together with the reversed 
trend resulting in the large magnitude of interaction.  
 
A large (0.88) interaction was observed between age and perceiving/judging 
traits on TTL, owing to the large (1.29) effect size of the difference in means 
between the normal age and mature age perceiving students compared to the 
small (0.41) effect size of the difference in means between the normal age and 
mature age judging students. On PBL, the magnitude of interaction was small 
(0.18) obtained from a medium (0.46) effect size and a small (0.28) effect size 
of the difference in means between the two groups. The interaction observed 
between age and the perceiving/judging traits on SPGD was very small (0.02) 
due to two similar small (0.15 and 0.17) effect sizes of the difference in means 
between the two groups. In the case of SSE, the magnitude of interaction was 
found to be small (0.38) and this was due to the small (0.35) but reversed and 
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very small (0.03) effect sizes of the difference in means between normal age 
and mature age perceiving learners and normal age and mature age thinking 
learners. Thus the difference between the age groups was also more 
pronounced in the case of the perceivers compared to the judgers on all but the 
SPGD. This again indicated that the perceiving trait might have been 
contributing to the difference between the age groups. Thus teachers need to 
be aware of the needs of mature age extrovert, intuitive or perceiving students.  
 
• The analysis of interaction between prior qualification and learning traits 
shown in Appendix 17, showed some trends. The magnitude of interaction 
with the introvert/extrovert traits was very small (0.02) despite the difference 
in means between school qualified and tertiary qualified introverts and school 
qualified and tertiary qualified extroverts both being large (0.75 and 0.77 
respectively). This showed that there was very little interaction between prior 
qualification and the introvert/extrovert learning traits. On PBL there was a 
small (0.32) interaction between prior qualification and the introvert/extrovert 
learning traits obtained from a very small (0.09) but reversed effect size of the 
difference in means between school and tertiary qualified introverts and a 
small (0.23) effect size of the corresponding difference among the extroverts. 
There was a small (0.30) interaction on SPGD due to a small (0.18) effect size 
of the difference in means between school qualified introverts and tertiary 
qualified introverts and a medium (0.48) effect size of the difference in means 
between school qualified extroverts and tertiary qualified extroverts. The 
magnitude of interaction on the SSE was very small (0.08) obtained from a 
very small (0.12) and a small (0.20) effect size of difference in means between 
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school qualified introverts and tertiary qualified introverts and school 
qualified extroverts and tertiary qualified extroverts. Thus the slight 
differences that became apparent seem to point towards introverts showing 
greater ability to cope with and overcome any difficulties and reduce the 
difference in performance.   
 
A medium (0.59) interaction was observed between prior qualification and 
intuitive/sensing traits on TTL, owing to the large (1.16) effect size of the 
difference in means between the school qualified and tertiary qualified 
intuitive students compared to the medium (0.57) effect size of the difference 
in means between the school qualified and tertiary qualified sensing students. 
On PBL, the magnitude of interaction was small (0.39) obtained from a 
medium (0.42) effect size and a very small (0.03) effect size of the difference 
in means between the two groups. The interaction observed between prior 
qualification and the intuitive/sensing traits on SPGD was large (1.25) due to a 
large (1.02) effect size and a small (0.23) but reversed effect size of the 
difference in means between the two groups. In the case of SSE, the 
magnitude of interaction was found to be large (1.15) and this was due to the 
medium (0.67) and medium but reversed (0.48) effect sizes of the two groups. 
Hence there was considerable interaction observed between prior qualification 
and the intuitive/sensing traits. On all assessments the difference between 
school and tertiary qualified students was greater among the intuitive learners 
than among the sensing learners. In fact the trend was reversed in the case of 
sensing learners on the SPGD and SSE. This indicated that the sensing 
learners seemed to be able to overcome the difference exhibited between 
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school and tertiary qualified students, to a certain extent, while the difference 
was more pronounced for the intuitive students. 
 
A large (0.84) interaction was observed between prior qualification and 
thinking/feeling traits on TTL, owing to the medium (0.57) effect size of the 
difference in means between the school qualified and tertiary qualified 
thinking students compared to the large (1.41) effect size of the difference in 
means between the school qualified and tertiary qualified feeling students. On 
PBL, the magnitude of interaction was small (0.27) obtained from a very small 
(0.14) effect size and a small (0.41) effect size of the difference in means 
between the two groups. The interaction observed between prior qualification 
and thinking/feeling traits on SPGD was large (1.06) due to a very small (0.01) 
and a large (1.07) effect size of the difference in means between the two 
groups. In the case of SSE, the magnitude of interaction was found to be 
medium (0.61) and this was due to the very small (0.05) but reversed and a 
medium (0.56) effect size of the difference in means between school qualified 
and tertiary qualified thinkers and school qualified and tertiary qualified 
feelers. Hence there was also a considerable interaction observed between 
prior qualification and the thinking and feeling traits. The difference between 
the school qualified and tertiary qualified students was far more pronounced in 
the case of feelers compared to thinkers. Thus the feeling trait may have 
contributed to the difference between the performance of school and tertiary 
qualified students. The students high on the thinking trait possibly were able to 
counteract some of this difference. 
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The magnitude of interaction between prior qualification and the 
perceiving/judging traits on TTL was large (0.89) owing to both effect sizes of 
the difference in means between school qualified and tertiary qualified  
students in both the perceiving and judging groups being large (1.72 and 
0.83). On PBL the magnitude of interaction was small (0.42) due to the very 
small (0.10) but reversed and the small (0.32) effect sizes of the difference in 
means between school qualified and tertiary qualified perceiving students and 
school qualified and tertiary qualified judging students. There was a small 
(0.34) interaction between prior qualification and perceiving/judging traits on 
SPGD obtained from a medium (0.73) effect size and a small (0.39) effect size 
of the difference in means between the two groups. A small (0.19) interaction 
was seen on the SSE and this was due to a small (0.34) effect size of the 
difference in means between the school qualified and tertiary qualified 
perceiving students and a small (0.15) effect size of the difference in means 
between school qualified and tertiary qualified judging students. Hence the 
perceiving/judging traits also seemed to interact considerably with prior 
qualification. The difference in performance by prior qualification was far 
more pronounced in the case of perceivers compared to judgers the greatest 
difference being apparent on TTL. The judgers seemed more capable of 
overcoming any existing difficulties and reducing this gap in performance 
levels. Thus the point for consideration here would be that tertiary qualified 
students were very few and would naturally be mature age as well as changing 
their fields of study. Thus it would appear that extrovert, intuitive, feeling and 
perceiving students in this group would probably need extra support. 
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• The analysis of interaction between language of instruction and learning traits 
shown in Appendix 17, showed some trends. The magnitude of interaction 
with the introvert/extrovert traits was small (0.15) on TTL due to the very 
small (0.05) effect size of the difference in means between introverts with 
English and other languages of instruction and the small (0.20) effect size of 
the extroverts with English and other languages of instruction. On PBL there 
was a medium (0.65) interaction between language of instruction and the 
introvert/extrovert learning traits obtained from a very small (0.05) but 
reversed effect size of the difference in means between introverts with English 
and other languages of instruction and a medium (0.60) effect size of the 
corresponding difference among the extroverts. There was a small (0.41) 
interaction on SPGD due to a very small (0.06) effect size of the difference in 
means between introverts with English and other languages of instruction and 
a medium (0.47) effect size of the difference in means between extroverts with 
English and other languages of instruction. The magnitude of interaction on 
the SSE was medium (0.52) obtained from a very small (0.04) and a medium 
(0.56) effect size of difference in means between introverts with English and 
other languages of instruction and extroverts with English and other languages 
of instruction respectively. Thus the analysis of interaction between language 
of instruction of prior education and learning traits indicated that the 
introvert/extrovert traits clearly had some interaction with the language of 
instruction. The difference in performance between the two groups was more 
pronounced among the extrovert students, the introverts seeming to cope 
better. 
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A small (0.38) interaction was observed between language of instruction and 
intuitive/sensing traits on TTL, owing to the very small (0.12) but reversed 
effect size of the difference in means between the intuitive students with 
English and other languages of instruction compared to the small (0.26) effect 
size of the difference in means between the sensing students with English and 
other languages of instruction. On PBL, the magnitude of interaction was 
small (0.18) obtained from a very small (0.09) effect size and a small (0.27) 
effect size of the difference in means between the two groups. The interaction 
observed between language of instruction and the intuitive/sensing traits on 
SPGD was medium (0.43) due to a medium (0.47) effect size and a very small 
(0.04) effect size of the difference in means between the two groups. In the 
case of SSE, the magnitude of interaction was found to be medium (0.44) and 
this was due to the medium (0.46) and very small (0.02) effect sizes of the 
difference in means between two groups. Hence in the case of the 
intuitive/sensing traits it was seen that the intuitive students with other 
languages of instruction in their prior education seemed to cope better on 
written tests compared to their sensing counterparts whereas it was the sensing 
students who seemed to cope better in group discussion activities. 
 
A very small (0.12) interaction was observed between language of instruction 
and thinking/feeling traits on TTL, owing to the small (0.16) effect size of the 
difference in means between the thinking students with English and other 
languages of instruction and the very small (0.04) effect size of the difference 
in means between the feeling students with English and other languages of 
instruction. On PBL, the magnitude of interaction was very small (0.07) 
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obtained from a small (0.16) effect size and a small (0.23) effect size of the 
difference in means between the two groups. The interaction observed 
between prior qualification and thinking/feeling traits on SPGD was small 
(0.17) due to a small (0.31) and a very small (0.14) effect size of the difference 
in means between the two groups. In the case of SSE, the magnitude of 
interaction was found to be small (0.35) and this was due to the medium (0.40) 
and a very small (0.05) effect size of the difference in means between thinkers 
with English and other languages of instruction and feelers with English and 
other languages of instruction. Thus the thinking/feeling traits did not seem to 
interact much with language of instruction. However, the very slight 
difference was in favour of thinkers who appeared better able to overcome any 
difficulties in language proficiency. The perceiving/judging trait on the other 
hand had a very definite interaction with language of instruction of prior 
education. 
 
The magnitude of interaction between language of instruction and the 
perceiving/judging traits on TTL was large (0.78) owing to the small (0.42) 
but reversed effect size of the difference in means between the perceiving 
students with English and other languages of instruction and the small (0.36) 
effect size of the difference in means between the judging students with 
English and other languages of instruction. On PBL the magnitude of 
interaction was large (1.18) due to the medium (0.66) but reversed and the 
medium (0.52) effect sizes of the difference in means between perceiving 
students with English and other languages of instruction and judging students 
with English and other languages of instruction. There was a medium (0.73) 
 201
interaction between language of instruction and perceiving/judging traits on 
SPGD obtained from a small (0.25) but reversed effect size and a medium 
(0.48) effect size of the difference in means between the two groups. A small 
(0.43) interaction was seen on the SSE and this was due to a very small (0.06) 
but reversed effect size of the difference in means between the perceiving 
students with English and other languages of instruction and a small (0.37) 
effect size of the difference in means between judging students with English 
and other languages of instruction. Thus the general trend was reversed in the 
case of perceivers on all four assessments in that among the perceivers, 
students with other languages of instruction scored higher than students with 
English as language of instruction, on all four assessments. On the other hand 
among judgers, the reverse was the case on all four assessments. This showed 
that while judgers have emerged as higher scorers in other analyses, the 
perceivers seem to cope better with any language related difficulties. Thus 
being perceiving learners may have contributed to reducing the overall 
difference in performance between the two groups with English and other 
languages as the language of instruction. 
 
Furthermore, two instruments have been developed for this research to measure 
students’ participation in PBL group discussions. The first instrument SPGD rating 
scale was designed for teacher evaluation of student participation in PBL group 
discussions while the second rating scale SSE, was a student self evaluation. The 
validity and reliability of both these instruments have been established in Section 
4.3.2. The collation of results of the various analyses, showed similarities in trends 
between the results of these two instruments and the other assessments. 
 202
• Positive correlation of 0.5 was observed between the SPGD and SSE scores. 
Furthermore, SPGD showed a positive correlation of 0.61 with TTL and 0.63 
with PBL indicating that it shared 37% variation with TTL and 40% with 
PBL. SSE had a positive correlation of 0.22 and 0.34 with TTL and PBL 
respectively implying that it shared 5% variation with TTL and 12% variation 
with PBL. This showed that both SPGD and SSE scores shared more of the 
variation with the PBL scores than with the TTL scores. Comparison of 
student performance with standardised scores on the four assessments also 
showed similar distributions as displayed by the boxplots in Figure 4.3. This 
shows that both these instruments are good assessors of participation in the 
group discussions of Problem-Based method of teaching and learning. 
 
• In the analyses comparing the differences in performance by the demographic 
variables once more results on all the four assessments were found to be 
similar. Common trends mentioned in the first set of findings in this section 
are maintained by both instruments on all the four demographic variables with 
only one exception. This was the case of SSE on age. While the other three 
assessments had effect sizes (0.55 on TTL, 0.30 on PBL and 0.15 on SPGD) in 
favour of normal age students, there was a very small effect size (0.08) in 
favour of mature age students on the SSE. A closer look at the interaction 
analysis suggests that this might be attributed to the intuitive/sensing and 
thinking/feeling learning traits interacting with age to produce reversed trends 
on the SSE. Thus, the fact that all assessments produce the same trends and the 
only deviation from the trend was of extremely small effect size, lend support 
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to the suitability of these instruments as assessment tools within the Problem-
Based method of teaching and learning.  
 
• Comparisons of performance by the learning style traits have also shown 
trends described in the second set of findings in this section. Once more both 
the SPGD and SSE have maintained these general trends with the exception of 
a reversal in the case of intuitive/sensing on the SSE but once more the 
magnitude of the difference was very small. Moreover the same interactions 
mentioned above could have contributed to this very slight variation observed.  
 
Though these instruments have not been tested with large scale samples, the 
suitability of these instruments as assessment tools for student participation in group 
discussions under the Problem-Based method of teaching and learning have been 
established within the constraints of this study with a limited population size.   Further 
large scale studies could validate these instruments for use in the future in Problem-
Based teaching and learning in other related discipline. 
 
Student interviews conducted by the researcher showed that the students concurred to 
a large extent with the learning type determined by administration of the PLSI. Their 
answers given as a percentage of agreement with the PLSI results, indicated that 89% 
of the students stated their percentage of agreement as above 80% while the 
remaining 11% said that their percentage of agreement was over 60%. The students 
who preferred TTL outnumbered those who preferred PBL methods of teaching and 
learning. A few students recommended a combination of both TTL and PBL in FS 
Biology teaching and learning. A number of merits and demerits of both TTL and 
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PBL were listed by the students and have been noted in Section 4.6. Most of the 
extrovert, intuitive and perceiving male students who were recognised in the 
interaction analyses as likely to have difficulties with PBL, expressed their preference 
for TTL in the interviews. Their comments about PBL included: “time consuming”, 
“language problems”, “difficulty in finding resources”, “difference in learning 
attitudes”, “unequal share of workload in groups”.  The intended study pathways after 
FS showed that the majority of the students (73%) are proceeding to further their 
education in Health Science areas. This in turn meant that most of them would be 
likely to encounter PBL method of teaching and learning in their tertiary education. 
 
5.5 Responses to the Research Questions 
In the light of the above discussions and findings the responses to the research 
questions are summarised in the following section.  
 
5.5.1 Research Question 1 
The first research question involved investigating the effect of the four demographic 
variables on student performance on the four assessments. The four subject variables 
gender, age group, prior qualification and language of instruction of prior education 
did seem to affect performance on the TTL and PBL Biology tests and the SPGD and 
SSE rating scales as shown in Figure 4.9. The trends observed were in favour of 
female students, normal age students, school qualified students and students with 
English as language of instruction in their prior education.  Gender, age and prior 
qualification affected TTL more while language of instruction affected PBL more. 
This indicated that the difference in performance due to gender, age and prior 
qualification was reduced to some extent by the Problem-Based method of teaching 
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and learning. This could be because the male students, mature age students and 
tertiary qualified students were able to cope better under the Problem-Based method 
of learning. On the other hand the difference in performance due to the language of 
instruction used in prior education was reduced under the traditional method of 
teaching. This could be due to the additional support provided by the teacher in 
traditional teaching in contrast to the self directed learning by students under the 
Problem-Based method.  
 
5.5.2 Research Question 2 
The second research question investigated the relationship between approaches to 
learning and performance on TTL and PBL. As seen in the findings of Section 5.4, 
student approaches to learning did affect performance on TTL and PBL and some 
clear trends were observed. Looking at the effect sizes in Figure 4.11, the 
introvert/extrovert traits seemed to have a relatively larger effect on PBL in favour of 
introverts. This could be because extroverts were possibly less focussed in self-
directed learning expected in PBL. The other three pairs of learning traits, 
intuitive/sensing, thinking/feeling and perceiving/judging had a relatively greater 
effect on TTL in favour of sensing, thinking and judging students. This could be 
because intuitive, feeling and perceiving students were able to cope better with the 
demands of self-directed learning expected in PBL. 
 
5.5.3 Research Question 3 
This research question investigated the relationship between approaches to learning 
and SPGD.  It was found as shown in Figure 4.11 that learning style traits affected the 
SPGD as well and the trends were very similar to the effects observed on TTL and 
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PBL. The perceiving/judging traits had a larger effect on SPGD in favour of judging 
students. This could be because of the lesser participation of perceiving students in 
group discussions. This is followed by intuitive/sensing traits in favour of sensing 
students, thinking/feeling traits in favour of thinking students and the 
introvert/extrovert traits in favour of introverts in decreasing order of magnitude.    
This could be due to the lack of active participation by intuitive students, feeling 
students and active participation by extroverts in PBL group discussions.   
 
5.5.4 Research Question 4 
The fourth research question investigated the relationship between approaches to 
learning and SSE.  Most of the trends observed in the findings in the previous section 
were also reflected on the SSE except in the case of the intuitive/sensing traits where 
the trend was reversed in favour of intuitive students. However, all the effect sizes 
were very small. The difference between introverts and extroverts was possibly 
reduced due to the extroverts evaluating their participation in PBL group discussions 
highly. Similarly the intuitive, feeling and perceiving students could have evaluated 
themselves highly on their participation in PBL group discussions, reducing the 
difference in performance in their respective trait groups. This was seen to be due to 
the fact that being a student self-evaluation instrument, there is always the added 
uncertainty that some students may be inexperienced in self-evaluation or less than 
honest in their answers.  
 207
The findings that emerged on further investigation to answer research questions 1 to 4 
by using interaction analysis as described in Section 5.36, shown in the tables in 
Appendix 17 and graphically represented by the line graphs in Appendix 16, are 
summarised below. 
 
In the interaction between gender and learning traits, the extrovert trait was possibly 
contributing to the difference in performance between the genders (Table 5.1) as male 
extroverts had generally lower mean scores, the difference being more prominent in 
Problem-Based method of learning. The intuitive/sensing traits may also have 
contributed to the difference in performance by gender (Table 5.2) though the effect 
size was not as prominent as in introvert/extrovert traits. It was the male intuitive 
students who had the least mean scores under both traditional and Problem-Based 
method of teaching. The difference in performance observed was greater among the 
feelers under the traditional method while it was greater among the thinkers in the 
Problem-Based method of learning (Table 5.3). Hence it was the male thinkers who 
scored lower under the Problem-Based method of learning and male feelers under the 
traditional method of learning. The perceiving trait could have been responsible for 
the difference in performance between the genders (Table 5.4). It was the male 
perceivers who had lower scores irrespective of the method of learning. 
 
In the interaction between age and learning traits, the extrovert trait was possibly 
contributing to the difference in performance between the normal age and mature age 
students (Table 5.5) as mature age extroverts had generally lower mean scores, the 
difference being more prominent in the traditional method of learning.  This indicated 
that mature age students in general and extroverts in particular seemed to cope better 
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with the Problem-Based method of learning. The intuitive trait could have contributed 
to the difference in performance between the age groups (Table 5.6) particularly 
under the traditional method of learning. This again indicated that mature age students 
could have coped better with the Problem-Based method of learning. The difference 
observed in performance was in favour of normal age thinkers (Table 5.7) under both 
methods of learning with the exception of the self-evaluation under the Problem-
Based method of learning where the mature age feelers could have evaluated 
themselves highly causing a reversal in trend. The perceiving trait was possibly 
contributing to the difference in performance between age groups (Table 5.8) where 
mature age perceiving students scored lower, the difference being very prominent 
under the traditional method of learning.  
 
In the interaction between prior qualification and learning traits, it was found that 
irrespective of their introvert/extrovert traits, school qualified students scored higher 
under both traditional method of learning and the Problem-Based method of learning 
(Table 5.9). However, this difference was reduced under the Problem-Based method 
of learning. This indicated that tertiary qualified students coped better under Problem-
Based method of learning. Intuitive students might have contributed to the difference 
in performance (Table 5.10) as intuitive tertiary qualified students had lower mean 
scores. This difference was more prominent under the traditional method of learning. 
This indicated that tertiary qualified students might have coped better under the 
Problem-Based method of learning. The thinking/feeling traits could have contributed 
considerably to the difference in performance between school and tertiary qualified 
students as indicated by the lower mean scores of the tertiary qualified feelers (Table 
5.11). Once again the difference was reduced under the Problem-Based method of 
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learning. A similar trend was observed in interaction with perceiving/judging traits 
(Table 5.12). The difference in performance between school and tertiary qualified 
students was more pronounced under the traditional method of learning. The judgers 
appeared to be able to overcome the difference to a greater extent in general. 
However, there was a reversal of trend on the PBL test where the tertiary qualified 
perceivers scored higher than the school qualified perceivers. This indicated that 
tertiary qualified students were able to cope better under the Problem-Based method 
of learning. 
 
In the interaction between language of instruction in prior education and learning 
traits, the difference in performance between students with English and other 
languages as language of instruction was more pronounced among the extroverts 
(Table 5.13) in both learning methods. This suggested that the introverts had 
overcome any shortcomings in language proficiency to a larger extent than the 
extrovert students. Hence the extroverts could have contributed to the difference in 
performance between the two groups. Intuitive students with other languages of 
instruction seemed to cope better on written tests under both methods of learning 
while their sensing counterparts seemed to be able to reduce the gap in performance 
on rating scales evaluating participation in group discussions (Table 5.14). There was 
no notable difference in performance due to interaction between language of 
instruction and the thinking/feeling traits (Table 5.15). An interesting trend was 
observed in the case of interaction with the perceiving/judging traits (Table 5.16). 
There was a reversal of trend for the perceiving students on all assessments under 
both methods of learning. ie among perceiving learners, students with other languages 
of instruction in their prior education scored higher than students with English as their 
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language of instruction. This suggested that perceivers seemed to cope with any 
language difficulties better than judgers. 
 
5.5.5 Research Question 5 
The fifth research question investigated correlations between SPGD and SSE and 
performance on PBL. As noted in the findings section above, there was a positive 
correlation between SPGD and SSE and it was seen that both of these assessments 
shared more of the variation with PBL than with TTL. Thus it can be seen that SPGD 
and SSE correlated more with PBL than with TTL which was expected as these rating 
scales are assessments associated with group activities within the Problem-Based 
teaching and learning approach. This provides evidence that these two instruments are 
suitable as assessment tools of participation in the group discussions of Problem-
Based method of teaching and learning. 
 
5.6 Constraints and Limitations of the Study 
 
• Numerous comparisons and analyses of student performance and the influence 
of learner characteristics have been made in this study based on the limited 
population under consideration. While there were 116 participants in the 
whole group, there were far fewer students in certain categories when grouped 
by demographic variables or learning style traits. Hence conclusions have 
been made with caution more as speculations rather than as certainties.  
 
• This study was a case study of Foundation Studies students of one university. 
While the participants were very diverse in nature and came from various parts 
of the world and appeared to be representative of international students in any 
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other university in a developed country, it would have been advantageous if it 
were possible to include students from various universities. However, time 
constraints of the research study prevented this from being possible.  
 
• This was a cross-sectional study and a longitudinal study with these same 
students over the years may have shed more light on the effect of demographic 
variations and learning style traits on academic performance. However, as 
Foundation studies programs are one year in duration such a research design 
approach was not possible. 
 
• Two new instruments developed by the researcher have been used and found 
to be valid and reliable assessment tools for student participation in group 
discussions under the Problem-Based method of teaching and learning. Once 
more a large scale study to validate these instruments would be desirable and 
if this is done, these instruments can be used as formal assessment tools in any 
discipline that uses the Problem-Based approach. 
 
5.7 Recommendations for Better Teaching and Learning 
 
Based on the findings of this research, the following recommendations have been put 
forward by the researcher for FS teachers and tertiary educators of international 
students for more effective teaching and learning in Biology. International students in 
any university in developed countries come from different educational, social and 
cultural backgrounds. They would have been exposed to varying teaching and 
learning environments depending on the educational systems in their respective 
countries. While they might have been highly successful under those systems, very 
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often they find themselves out of their depth when faced with unfamiliar teaching and 
learning situations and very different educational expectations. This in turn can lead 
to frustration especially when some of their peers appear to be coping with the 
situation. Hence the classroom situation should accommodate the needs of students 
from various educational backgrounds. Based on the findings of this research in 
preparing students by FS and other transitional programs for educational pathways in 
Health sciences and other Biological sciences, it will be advantageous to use a mix of 
traditional and Problem-Based methods in teaching Biology. Further, teachers should 
be aware of interactions between the demographic variables and learning style traits 
and their effect on performance in Biology. 
 
Teachers and lecturers should keep in mind that gender and learning style traits do 
have a combined effect on performance in Biology and on PBL in particular. Thus it 
would be in the interest of achieving effective teaching and learning, to be aware of 
students’ learning style preferences and to cater for activities to suit the various 
characteristics of the learners in the classroom. Hence, on the basis of the results of 
this research, male extrovert students, male intuitive students, male thinking students 
and male perceiving students should be catered for in the teaching and learning 
situation. Male extroverts and male thinkers might need more support on Problem-
Based learning. Extroverts students are impatient with long slow jobs, prefer to 
communicate by talking rather than writing and like to learn a new task by talking it 
through with someone (Shindler, 2003). Hence by promoting co-operative learning, 
group work, giving opportunities for asking questions and expressing their ideas, 
extroverts can be accommodated well in a classroom situation. More facilitation 
might be needed in self-directed learning involving referring relevant resources, 
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integrating old and new knowledge, understanding the learning issues and attaining 
appropriate level of knowledge. Thinkers are good at putting things in logical order, 
have a talent for analysing a problem, respond more to people’s ideas rather than their 
feelings, tend to be firm, tough-minded and may hurt people’s feelings without 
knowing it (Shindler, 2003). Hence thinking students might excel in the problem-
solving and logical reasoning aspects of PBL. However, they might need more 
facilitation in group-oriented activities. This can be done by giving them concrete and 
regular feedback, convincing them of the necessity for accommodating the feelings of 
other students and valuing their logical input. Male intuitive and male perceiving 
students are two other groups that were found to need support under both methods of 
learning. Intuitive students are aware of new challenges and possibilities, focus on 
how things could be improved, dislike doing the same thing repeatedly, work in bursts 
of energy powered by enthusiasm with slack periods in between, may leap to 
conclusions quickly and follow their inspiration and hunches (Shindler, 2003). These 
students could be supported in their learning process by giving an overall picture of 
the task without overemphasizing details, providing individual attention when 
necessary and ensuring a mix of both traditional and Problem-Based methods of 
teaching. Perceiving students often do things at the last minute and perform well 
under pressure of a deadline, adapt well to changing situations and use lists as 
reminders of all the things they have to do (Shindler, 2003). The performance of these 
students could be enhanced by providing clear written assignment guidelines and time 
frames for completion. They might need some help to make decisions and avoid 
postponing unpleasant jobs. 
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All tertiary qualified students in this study are mature aged and scored higher on PBL 
than TTL. However, all mature aged students are not tertiary qualified. The 
interaction analysis further showed that though mature age students scored higher in 
PBL than TTL, normal age students scored higher than mature age students in both 
TTL and PBL.  The interview analysis indicated that mature age students had personal 
problems in attending classes regularly as they had to support themselves. That was 
not the case for the majority of normal age international students as they were usually 
financially supported. The interview analysis also showed that most of the students 
preferred the traditional method of teaching and learning compared to the Problem-
Based method of learning. However, mature age students often had difficulties 
keeping pace with the regular activities like note taking, class exercises, practical 
activities and written submissions of assignments as expected in the traditional 
method of learning. It was noted that incorporating self paced activities and Problem-
Based method of learning into the curriculum could benefit mature age students. 
Further, in higher education students are required to use more student-centred and 
analytical approaches to learning. FS is a bridging program that prepares students for 
higher education. Hence it is recommended that a combination of traditional and 
Problem-Based methods of teaching and learning should be encouraged in Biology in 
FS. 
 
International students often have languages other than English as language of 
instruction in their prior education. Comparisons between the performance of students 
with English as the language of instruction in their prior qualification and their 
counterparts with other languages of instruction, have shown that the difference in 
performance between the two groups was greater in PBL, although the difference was 
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small. Hence it is recommended that students from other language backgrounds who 
have completed their education in other languages might need more facilitation to 
overcome their language difficulties in self-directed, student-centred PBL activities. 
Further interaction analysis showed that extroverts with other languages of instruction 
need more support under both methods of learning. Sensing students with other 
languages of instruction seemed to need more support to perform better in written 
tests, while they performed well in PBL group activities. On the other hand intuitive 
students with other languages of instruction might need more support in group 
participation while they performed relatively better on the written tests. Another 
interesting observation was that perceiving students with other languages of 
instruction actually scored higher than their counterparts with English as language of 
instruction reversing the general trend on all four assessments. This suggests that 
judging students with other languages of instruction need more support on language 
issues. Hence it is recommended that teachers should encourage extrovert, intuitive, 
sensing and judging students from other language backgrounds to use support 
facilities provided by most universities to improve their language, writing, 
presentation and communication skills. 
 
The researcher feels that it will be advantageous to determine the student learning 
styles at the beginning of any program using the PLSI. In addition, it would also be in 
the interest of good teaching and learning for teachers to be aware of their own 
learning style traits so that they will be in a position to accommodate and enhance the 
learning processes of the students with different learning styles without being affected 
by their own preferences.  
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Lastly, researcher recommends the use of instruments like SPGD and SSE for 
assessment purposes to measure students’ participation in PBL activities. This will 
provide a systematic feed back to the facilitator to identify the individual learning 
differences of students and provide appropriate support. 
 
5.8 Significance and Contributions of this study  
This research is unique in many respects owing to its topic, participants and 
methodology. While there have been numerous studies involving the effect of 
learning style traits on academic performance, to the knowledge of the researcher, no 
study has been done among international students or in Biology. Secondly, this is the 
only study, also to the best of the researcher’s knowledge to compare the traditional 
and Problem-Based methods of teaching and learning among international Biology 
students. Thirdly, the participants of the study are FS students in a bridging course 
between school and university, which also adds to the uniqueness of the results. 
 
The results of the study have thrown light on many factors that affect performance in 
Biology under two methods of teaching and the many interactions among these 
factors. These findings can be of benefit to all Biology teachers and lecturers, to other 
Biology educators, administrators and authors as well as to all practitioners of 
Problem-Based teaching and learning. 
 
This study has used the commercially available instrument PLSI (Shindler, 2003), for 
determining the learning styles of this particular group of students and has established 
through its findings that it is suitable for administration to students. In addition, two 
researcher designed instruments have been developed as part of this study to measure 
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student participation in group discussions, under the Problem-Based method of 
teaching and learning. While both these instruments have been shown to be reliable 
and valid by the results of this study, it opens up avenues for larger scale validation of 
these instruments as part of further research and could provide practitioners of the 
PBL method with a useful set of student assessment tools. Thus this study has 
investigated areas that appear not to have been researched before, provided findings 
that can guide educators in the future and has provided two new tools for assessment 
in PBL. 
 
5.9 Suggestions for Future Research and Recommendations 
In the light of the many trends observed in this study, which involved a relatively 
small sample of international students, there is need for research on a much larger 
scale in order to ensure that conclusions may be generalised to other contexts. The 
researcher welcomes practitioners of Problem-Based education wishing to conduct 
large-scale studies to validate the two new researcher designed instruments SPGD and 
SSE as assessment tools in other contexts. The trends and interactions that have 
emerged as the result of this study open up avenues for further research to investigate 
these trends in greater depth with larger samples or through longitudinal studies. 
 
The study replicated in other universities or other countries may lead to greater 
insights into the influence of student approaches to learning and other student 
characteristics on academic performance under the traditional and Problem-Based 
method of teaching and learning. 
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5.10  In Summary 
The final chapter of this thesis summarised the results and interpretations of analysis.  
The effect size of performance by demographic variables and by learning traits was 
discussed in detail in Sections 5.3.4 and 5.3.5. The magnitude of interactions between 
demographic variables and learning traits on students’ performance was discussed in 
Section 5.3.6 and summarised in Tables 5.1- 5.16. Findings of the research were 
summarised in Section 5.4. Answers to the research questions, recommendations and 
suggestions for future research, limitations, significance and scope for future research 
were discussed on the basis of the research findings.  
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Appendix 5 
 
CASE STUDY 1 PBL (GROUP 1) 
 
Tim Moon, a 19-year-old civil engineering student at RMIT was a keen surfer. He 
used to go for surfing along with his two friends Ali Khan and Tombi Katzai from the 
same course and spent many weekends at the beach. Tim was an Aussie with fair 
skin, Ali had a brown skin and was originally from Bangladesh and Tombi had a dark 
skin and migrated to Australia at the age of 8 from Nigeria. All of them had enjoyed 
their surfing and taken it as a break from their tightly scheduled work at the 
University and from their part time jobs. Tim’s mother noticed blisters on his back 
and shoulders and advised him to use sunscreen lotion regularly and particularly when 
he went for surfing to protect him from ultraviolet rays.  After a few weeks, on his 
complaining about itching and pain in the area of sunburn, Tim’s mother became 
worried and sent him to a local physician for consultation and possible treatment.  
 
Instructions: 
 
1. List the key information about Tim 
2. Identify Tim’s problem 
3. For each problem make a list of how it may be caused (ie hypothesis) 
4. For each hypothesis give a rationale (i.e. mechanism). Discuss factors that 
could contribute to the problem. 
 
1 Key information about Tim 
 
 
 
2 Tim’s problems 
 
 
 
3 Hypotheses 
 
 
 
4 Rationale 
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Tim said to the doctor, “Mum has forced me to come to get checked today. There is 
nothing really wrong. I’m just sun burnt. I am just trying to get a tan”. On 
examination doctor noted several blisters on his back and shoulder and some of which 
contain a small amount of clear fluid. There were several areas of skin that were 
starting to peel. He had a number of moles on his back, each more than 4mm in 
diameter, raised above the skin, with irregular pigmentation. The surfaces and edges 
of each of the moles were not smooth and were not regular.  
 
Instructions: 
 
1. Are there terms that you do not understand? 
2. Summarise the key information that you have obtained by physical 
examination. 
3. How would you refine your hypotheses? 
4. For each hypothesis give a rationale (ie. Mechanism) and provide evidence as 
needed. 
1. New terms  
 
 
 
 
 
2. Key information from the 
physician 
 
 
 
 
 
3. Refined hypotheses 
 
 
 
 
 
4. Rationale for each hypothesis 
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The physician examined him and asked him about any family history of skin cancer. 
Tim replied that to the best of his knowledge both his parents were without any 
malignant history. The physician wanted to get a second opinion and also 
recommended him to do a biopsy in a specialist clinic.   The biopsy report was sent to 
Tim’s physician within a fortnight and it indicated the problem was melanoma at its 
early stage.  Tim was sent to the specialist for melanoma treatment for a period of 3 
months.  
 
Instructions: 
 
1. Are there any new terms that you do not understand? 
2. Summarise the key information that you have obtained by physical 
examination. 
3. How would you refine your hypotheses? 
4. For each hypothesis give a rationale (ie. Mechanism) and provide evidence as 
needed. 
 
1. New terms  
 
 
 
 
 
2. Key information from the 
physician 
 
 
 
 
 
3. Refined hypotheses 
 
 
 
 
4. Rationale for each hypothesis 
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Upon treatment the lesions on his body subsided and the physician advised him to 
take more care in future from ultraviolet rays. Tim was given a few pamphlets to read 
in which he noted the preventive measures of melanoma that had to be taken in future 
to protect himself from this dangerous type of cancer. Not only that he got a number 
of useful information about different types of cancer, the cause, preventive measures 
and treatment. Interestingly he came to know from this reading that high level of Id1 
proteins will be detected in the early stage of melanoma and lower expression of Id1 
in more advanced melanomas. 
Instructions: 
1. Are there any new terms that you do not understand? 
 
2 Preventive measures of .different types of cancer? 
 
3. Treatments of cancer 
 
4. Refined hypothesis 
 
5. Rationale for the hypothesis 
 
1. New terms  
 
 
 
 
2. Preventive measures of cancer 
 
 
 
 
3. Treatments of cancer 
 
 
 
 
4. Hypothesis 
 
 
 
 
5. Rationale for the hypothesis 
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Learning issues derived by students 
 
•  
•  
•  
•  
•  
•  
 
•  
 
•  
 
•  
 
•  
Learning issues given by the teacher at the end of the exercise: 
 
At the completion of this case students should be able to describe: 
 
1. The importance of melanin in skin. 
2. The significance of environmental agents like ultraviolet radiation on human 
body. 
3. What causes the different skin appearance of different racial groups? 
4. Mutation, Different types of mutations and its significance 
5. Different types of skin cancers 
6. Prevention and treatment. 
7. How attitudes and behaviour can be changed to promote health. 
8. Proteins, types of proteins, amino acids. 
9. Codon, anticodon  
10. Protein synthesis-genetic code, transcription, translation and post-translational 
modifications. 
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Appendix 6 
 
CASE STUDY 2 PBL (GROUP 2) 
 
 
Michael Garretto now 30 yrs was asked by his parents whether he regrets having been 
born with the genetic disorder he had. He replied that he would live through it all 
again because he had learned so much and it had made him a stronger-willed person. 
 
Instructions: 
 
5. List the key information about Michael 
6. Identify what would be Michaels’s problems 
7. For each problem make a list of how it may be caused (ie hypothesis) 
8. For each hypothesis give a rationale (i.e mechanism). Discuss factors that 
could contribute to the problem. 
 
1 Key information about Michael  
 
 
 
 
2 Michael’s problems  
 
 
 
 
3 Hypotheses 
 
 
 
 
 
 
 
4 Rationale 
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Michael was born in Melbourne, to Greek Australian parents. Right from the 
beginning his parents noted that their child looked anaemic. At the age of four when 
he was rather ill his parents were advised by the family physician to take Michael to a 
medical centre for a thorough medical check up and consultation. On medical check 
up and investigations it was revealed that the Michaels haemoglobin level was around 
six. 
 
1 Key information about Michael  
 
 
 
 
2 Michael’s problems  
 
 
 
 
3 Hypotheses 
 
 
 
 
 
 
 
 
 
 
 
4 Rationale 
 
 
 
 
 
 
 
 
 
 
 
When he was five years old, Michael began having regular blood transfusions at 
hospital. After he was initiated into transfusion regime, doctors aimed to maintain his 
haemoglobin level at or above nine prior to transfusion. Due to the lack of volume of 
blood in his body and the weak development of his veins, transfusions were 
particularly traumatic for him as a child. The painful search for a suitable vein to put 
the drip into and the stays in hospital became part of the experience of his disease. 
 
When he was seven years old, he had his spleen removed as it was using too much of 
his valuable red cells. Without a spleen his immune system was further compromised 
and penicillin was prescribed. Regular transfusions now provided another challenge. 
The extra iron left from all those blood transfusions could not be removed by his body 
and was beginning to store itself in his vital organs. An iron-chelating agent, Desferal 
(deferoxamine) was prescribed to be administered as a single intra-muscular injection 
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daily. The Royal District Nurse would come to his school on weekdays and he would 
be called to have the injection. 
 
Instructions: 
 
5. New terms that you don’t understand and summarise the key information 
about Michael 
6. Michael’s problems 
7. How would you refine your hypotheses? 
8. For each hypothesis give a rationale (ie. Mechanism) and provide evidence as 
needed. 
1 New terms that you don’t 
understand and key information 
about Michael 
 
 
 
 
 
 
 
 
2 Michael’s problems  
 
 
 
 
 
3 Hypotheses 
 
 
 
 
 
 
 
 
 
 
 
 
4 Rationale 
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During his early teen years the Desferal injection was replaced by a more effective 
administration regime. Using a device called a slow-infusion pump, he now 
administered the Desferal injection himself. The pump administered the injection over 
a ten-hour period (over-night). Of course, as a teenager, this meant a severely 
curtailed nightlife at home. But Michael had accepted the fact that it was all part of 
his daily life to meet the challenges of his autosomal hereditary disease called 
thalassemia. 
 
Instructions: 
 
1. Are there terms that you do not understand? 
5. Michaels problem 
6. How would you refine your hypotheses? 
7. For each hypothesis give a rationale (ie. Mechanism) and provide evidence as 
needed. 
 
1 New terms that you don’t 
understand and key information 
about Michael 
 
 
 
 
 
 
 
 
 
2 Michael’s problems  
 
 
 
 
 
3 Hypotheses 
 
 
 
 
 
 
 
 
4 Rationale 
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Learning issues derived by students 
 
•  
•  
•  
•  
•  
•  
 
•  
 
•  
 
 
 
Learning issues given by the teacher at the end of the exercise: 
 
At the completion of this case students should be able to describe: 
 
1. DNA, RNA, Genes, Chromosomes 
2. Genotype, Phenotype 
3. The influence of meiosis on variation 
4. Patterns of Mendelian inheritance 
5. Complete dominance, incomplete dominance and co-dominance 
6. Monogenic and Polygenic inheritance 
7. Colour blindness, Sickle cell anaemia, thalassemia, haemophilia, 
vitamin D-resistance rickets, Huntington disease, phenyl ketonuria, 
albinism, cystic fibrosis and presence of hair on ears. 
8. Pedigree analysis-Autosomal dominance, Autosomal recessive, Sex- 
linked dominance, Sex-linked recessive, Y-linked and examples in 
each case. 
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Appendix 7 
 
DEMOGRAPHIC DATA 
 
1. Student Name:  _________________________________________________  
 
2. Student Number:  ________________________________________________  
 
3. Age Group:          18 yrs-20 yrs   
 
           21 yrs-23 yrs 
 
           24 yrs-26 yrs 
 
             27+ yrs 
4. Nationality:  ____________________________________________________  
 
5. Courses taken in Foundation studies: 
     a._____________________________ 
 
     b._____________________________  
 
     c. _____________________________  
 
     d. _____________________________  
 
     e. _____________________________  
 
     f. _____________________________  
6. Prior educational qualification  
   and courses completed successfully: 
      a._____________________________ 
 
     b._____________________________  
 
     c. _____________________________  
 
     d. _____________________________  
 
     e. _____________________________  
 
     f. _____________________________  
7. Medium of instruction in prior  
    education:     ______________________________  
 
8. Country where this qualification 
     was obtained:    _______________________________  
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LICENCE FOR USING PARAGON LEARNING STYLE 
INVENTORY  
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Appendix 9 
 
*PARAGON LEARNING STYLE INVENTORY (PLSI) 
 
Student Name: _________________________________  
  
Student Number: _______________________________  
 
Directions: Please answer the following questions as carefully, honestly and 
quickly as possible, and remember there are no right answers, only your best 
answers. Place your answers horizontally on the answer sheet provided 
 
1.  When you  
     come to a   
     new situation   
     you usually 
a.  try it right  
     away, and   
     learn from   
    doing 
b.  like to watch  
     first  and try it  
     later 
2.  Do you think  
     people should   
     be more 
 
a.  sensible and  
     practical 
b.  imaginative and 
inspired 
3.  When you come   
    to an uncertain  
    situation  
 
a.  you usually trust  
     your feelings     
     more 
b.  you usually trust  
     your thinking  
     more 
 
4.  Would you say  
     you are 
 
 
a.  a little more  
    serious 
b. a little more  
    easy-going 
5.  Do you spend  
     most of your  
     time 
a.  often in bigger  
     groups  and   
     seldom alone 
b.  in smaller   
     groups or  
    alone 
6.  It is better to   
 
 
a. be able to accept  
    things 
b. want to change   
    things 
 
7.  Is it worse to do 
 
 
a.  mean things  
b.  unfair things 
8.  Do you prefer    
    when things are 
 
a. planned and   
    structured 
b. spontaneous and    
    unplanned 
9.  After a day  
    spent with a lot  
    of people do   
    you 
 
 
a. feel energized  
   and stimulated 
b. feel drained and  
    like being alone 
 
10. When you  
      need to get  
      something   
      important   
      done, you  
      prefer to  
a. do it the way that  
    has worked  
    before 
b. do it a new way  
    that you just  
   thought of 
11.  Which is a  
       bigger   
       compliment? 
 
 
 
a. "he/she is really  
     nice" 
b. "he/she is really   
     smart" 
 
12.  When it  
       comes to  
       time, are you  
       more  likely to 
 
 
a. usually be on 
time 
b. be pretty flexible 
 
*Shindler, J. (2003). Paragon Learning Style Inventory (PLSI).  Inventory file interpretive materials  
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13.  When you  
       are in a   
       group do you   
       usually 
a. do a lot of the  
    talking 
b. mostly listen   
    and talk   
     a little 
14.  Are you more  
       interested in 
 
 
a.  what really is 
b.  what can be 
15.  When you look  
       at two things,  
       you mostly  
       notice  
a. how they are the 
same 
b. how they are 
different 
 
16.  Do you tend to  
       get along    
       better with 
 
a. people who are a  
    lot like you 
b. lots of different   
     types of people 
17.  Most other  
      people seem  
     to see you as 
 
 
a.   kind of out-  
      going 
b.   kind of shy and  
     reserved 
 
18.  When it comes  
       to  work that is  
       very  exact or  
       detailed 
 
a. it comes pretty    
    easily  to you 
b. you tend to lose   
    interest in it     
    quickly 
19.  When your  
       friends  
         disagree, it is   
       more    
       important  
a. to help them  
    agree and come   
    together 
b. to help them  
    come to the right  
    answer 
20.  When you get- 
        up in the  
        morning 
 
 
a. you know pretty  
    much how your  
   day  will go 
b. it seems every   
   day is pretty    
   different 
21.  When it  
       comes to  
       using the  
       phone 
a.  you use it a lot  
    and make most   
    of the  calls 
b. you use it most   
    when others call   
    you 
22.  When you  
       work on  
       group projects,   
       do  you prefer 
a. helping make sure  
    the project gets   
    done & works 
b. helping come up  
    with the ideas and  
    plans 
23.  Others often  
       describe you  
       as a 
 
a. warm-hearted    
   person 
b. cool-headed   
    person 
24.  Which is more  
       your way 
 
 
a. to "do the right  
    thing" 
b. to "just do it" 
25.  When you  
        talk to  
       strangers  
       you’ve  
       just met you 
a. talk pretty easily  
    and at length 
b. run out of things  
    to say pretty   
    quickly 
26.  When it comes  
        to work you 
 
 
 
a. prefer steady  
   effort and a  
   regular routine 
b. work in spurts,  
    really  "on" then  
    really "off" 
 
27.  Is it worse to  
       be 
 
 
 
a. too critical 
b. too emotional 
28.  Would you  
        rather  
        have things 
 
 
a. finished and     
   decided 
b. open to change 
*Shindler, J. (2003). Paragon Learning Style Inventory (PLSI).  Inventory file interpretive materials  
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29.  When it  
       comes to  
       news at  
       school, you   
       seem  
a. to find it out   
   quickly  
b. to be one of the  
    last to know 
30.  Are you more  
       likely to trust 
 
 
 
a. your experience 
b. your hunches 
31.  I prefer  
        teachers  
       who are more 
 
 
a. caring and  
    supportive 
b. knowledgeable  
    and expect a lot 
32.  Is it more  
       your  way to 
 
 
 
a. finish one project  
   before you start a  
    new one  
b. have lots of  
    projects going at   
    once 
33.  Which is  
       more true of   
       you? do you 
 
a. too often act and  
    talk without     
    thinking much   
    first 
b. spend too much  
    time thinking  
    and not   
    enough doing 
34.  Games would  
       be more fair if   
       people 
 
a. would just follow   
    the rules 
b. would just use  
    "good   
     sportsmanship" 
35.  Is it usually  
       easier for you  
       to tell 
 
a. how someone  
    else is feeling 
b. what someone  
    else is thinking 
36.  Which is the  
       more useful   
       ability 
 
a. to be able to  
   organize   
   and plan 
b. to be able to   
    adapt and make   
     do 
37.  At a party or  
      gathering 
 
a. you do more of  
    the introducing  
    of others 
b. others introduce  
    you more 
38.  Do you think  
      more about 
 
a. what is going on  
   right now 
b. what will happen   
   in the future 
39.  It is more  
       your way to 
 
a. usually show  
    what you are   
    feeling 
b. usually not show  
    your feelings 
40.  You are the  
        kind  
        of person who 
a. needs to have  
    things a   
    certain way 
b. does it any old  
    way 
41.  When you get  
       done with an  
       assignment 
 
 
a. you feel like   
    showing  
    it to someone 
b. you like to keep  
    it to yourself 
42.  Things would  
       be better if  
       people were  
 
 
a. more realistic 
b. more imaginative 
43.  Would you  
       say you  
        are more   
       concerned  
       with  
a. being     
   appreciated by  
    others 
b. achieving  
   something  
   important 
44.  It is better  
       that people 
 
 
 
a. know what they  
    want 
b. keep an open- 
     mind 
*Shindler, J. (2003). Paragon Learning Style Inventory (PLSI).  Inventory file interpretive materials  
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45.  Friday night  
       after a long  
       week you  
       usually 
 
 
a.   feel like going  
      to a party or  
      going out 
b.  feel like renting  
     a movie or  
     relaxing 
46.  When you do a   
        job, it’s  
        usually  
        your  
       approach to  
 
a. start from the  
    beginning, and go  
    step-by-step 
b. start anywhere,  
   and figure it out  
   as you go 
47.  When you tell  
        a story, you  
        mostly  
        talk about 
 
 
a. how the people   
    involved were   
    effected 
b. what went on in  
    general 
48.  You feel most  
       comfortable  
       when things  
       are  
 
 
a. planned and you  
    know what to  
    expect 
b. unplanned and   
    flexible 
 
 
TIME TO ADD UP 
YOUR SCORE – SEE 
THE DIRECTIONS 
ON THE ANSWER 
SHEET 
*Shindler, J. (2003). Paragon Learning Style Inventory (PLSI).  Inventory file interpretive materials  
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Appendix 10 
 
 
*PARAGON LEARNING STYLE INVENTORY (PLSI) SCORE 
SHEET 
 
Student Name: ________________________________  
 
Student Number: _______________________________ 
 
Place your answer of either ‘a’ or ‘b’ from the PLSI test questions next to the 
same numbers on the sheet. Answer the questions as honestly and quickly as 
possible and remember there are no right or better answers, only your best 
answer. 
 
1 
 
2 3 4 
5 
 
6 7 8 
9 
 
10 11 12 
13 
 
14 15 16 
17 
 
18 19 20 
21 
 
22 23 24 
25 
 
26 27 28 
29 
 
30 31 32 
33 
 
34 35 36 
37 
 
38 39 40 
41 
 
42 43 44 
45 
 
46 47 48 
 
a’s/ ____________ 
Extrovert or E score 
b’s/ ____________ 
Introvert or I score 
 
a’s ___________ 
Sensate or S score 
b’s ___________ 
Intuitive or N score 
 
a’s ___________ 
Feeler or F score 
b’s ___________ 
Thinker or T score 
 
a’s _____________ 
Judger or J score 
b’s _____________ 
Perceiver or P score 
*Shindler, J. (2003). Paragon Learning Style Inventory (PLSI).  Inventory file interpretive materials  
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Appendix 11 
 
*LEARNING CHARACTERISTICS OF EACH OF THE 16 
LEARNING STYLES 
 
 
 
 
 Sensing Types Intuitive Types 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ISTJ 
Serious, quiet, earn 
success by 
concentration and 
thoroughness. 
Practical, orderly, 
matter-of-fact, 
logical, realistic, 
dependable. See to it 
that everything is 
well organized. Take 
responsibility. Make 
up their minds as to 
what should be 
accomplished and 
work toward is 
steadily, regardless of 
protests or 
distractions. 
ISFJ 
Quiet friendly, 
responsible, and 
conscientious. Work 
devotedly to meet 
their obligations. Lend 
stability to any project 
or group. Thorough, 
painstaking, accurate. 
Their interests are 
usually not technical. 
Can be patient with 
necessary details. 
Loyal, considerate, 
perceptive, concerned 
with how other people 
feel. 
INFJ 
Succeed by 
perseverance, 
originality and 
desire to do 
whatever is needed 
or wanted. Put their 
best efforts into 
their work. Quietly 
forceful, 
conscientious, 
concerned for 
others. Respected 
for their firm 
principles. Likely to 
be honored and 
followed for their 
clear convictions as 
to how best to serve 
the common good. 
INTJ 
Usually have original 
minds and great 
drive for their own 
ideas and purposes. 
In fields that appeal 
to them, they have a 
fine power to 
organize a job and 
carry it out with or 
without help. 
Skeptical, critical, 
independent 
determined, 
sometimes stubborn. 
Must learn to yield 
less important points 
in order to win the 
most important. 
ISTP 
Cool onlookers. 
Quiet, reserved, 
observing and 
analyzing life with 
detached curiosity 
and unexpected 
flashes of original 
humor. Usually 
interested in cause 
and effect-how and 
why mechanical 
things work, and in 
organizing facts use 
logical principles. 
ISFP 
Retiring, quiet, 
sensitive, kind and 
modest about their 
abilities. Shun 
disagreements, do not 
force their opinions or 
values on others. 
Usually do not care to 
lead but are often 
loyal followers. Often 
relaxed about getting 
things done, because 
they enjoy the 
moment and do not 
want to spoil it by 
undue haste or 
exertion. 
INFP 
Full of enthusiasm 
and loyalties, but 
seldom talk of these 
until they know you 
well. Care about 
learning ideas, 
language and 
independent 
projects of their 
own. Tend to 
undertake too much, 
then somehow get it 
done. Friendly, but 
often too absorbed 
in what they are 
doing to be sociable. 
Little concerned 
with possessions or 
physical 
surroundings. 
INTP 
Quiet and reserved. 
Especially enjoy 
theoretical or 
scientific pursuits. 
Like solving 
problems with logic 
and analysis. Usually 
interested mainly 
ideas, with little 
liking for parties or 
small talk. Need 
careers where some 
strong interests can 
be used and useful. 
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ESTP 
Good at on the spot 
problem solving. Do 
not worry-enjoy 
whatever comes 
along. Tend to like 
mechanical things 
and sports, with 
friends on the side. 
Adaptable, tolerant, 
generally 
conservative in 
values. Dislike long 
explanations. Are 
best with real things 
that can be worked, 
handled, taken apart, 
or put together. 
 
ESFP 
Outgoing, easygoing, 
accepting, enjoy 
everything and make 
things more fun for 
others by their 
enjoyment. Like 
sports and making 
things happen. Know 
what is going on and 
join in eagerly. Find 
remembering facts 
easier than mastering 
theories. Are best in 
situations 
ENFP 
Warmly 
enthusiastic, high 
spirited, ingenious, 
imaginative. Able to 
do almost anything 
that interests them. 
Quick with a 
solution for any 
difficulty and ready 
to help anyone with 
a problem. Often 
rely on their ability 
to improvise instead 
of preparing in 
advance. Can 
usually find 
compelling reasons 
for whatever they 
want. 
ENTP 
Quick, ingenious, 
good at many things. 
Stimulating company 
alert and outspoken 
May argue for fun on 
either side of 
question. 
Resourceful in 
solving new and 
challenging 
problems but may 
neglect some routine 
assignments. Apt to 
turn to one new 
interest after another. 
Skillful in finding 
logical reasons for 
what they want. 
ESTJ 
Practical, realistic, 
matter of fact with a 
natural head for 
business and 
mechanics. Not 
interested in subjects 
they see no use for, 
but can apply 
themselves when 
necessary. Like to 
organize and run 
activities. May be 
good administrators, 
especially if they 
remember to consider 
others’ feelings and 
points of view 
ESFJ 
Warm-hearted, 
talkative, popular, 
conscientious, born 
cooperators, active 
committee members. 
Need harmony and 
may be good at 
creating it. Always 
doing something nice 
for someone. Work 
best with 
encouragement and 
praise. Main interest 
is in things that 
directly and 
practically help 
people’s lives. 
ENFJ 
Responsive and 
responsible. 
Generally feel real 
concern for what 
others think or want 
and try to handle 
things with due 
regard for the other 
person’s feelings. 
Can present a 
proposal or lead a 
group discussion 
with ease and tact. 
Sociable, popular, 
sympathetic. 
Responsive to praise 
and criticism. 
ENTJ 
Hearty, frank, 
decisive leaders in 
activities. Usually 
good in anything that 
requires reasoning 
and intelligent talk, 
such as public 
speaking. Are 
usually well 
informed and enjoy 
adding to their fun of 
knowledge. May 
sometimes appear 
more positive and 
confident than their 
experience in the 
area warrants. 
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Appendix 12 
 
*TYPE AND CAREERS: OCCUPATIONAL TRENDS OF THE 16 
TYPES 
 
 
ISTJ 
Management  
Administration 
Law Enforcement 
Accounting 
 
 
Or any other 
occupations where 
they can use their 
experience, 
attention to detail 
and dedication to 
organizational 
goals to accomplish 
practical tasks. 
ISFJ 
Education 
Health Care 
Religious Settings 
 
 
 
Or any other 
occupations where 
they can use their 
experience and/or 
their understanding 
of organisational 
standards to help 
others and support 
the team. 
INFJ 
Religion 
Counselling 
Teaching 
Arts 
Writing 
 
Or any other 
occupations where 
they can facilitate 
the emotional, 
intellectual and 
spiritual 
development of 
others and/or 
express their ideas 
in writing and 
plans. 
INTJ 
Science 
Computers 
Law 
Academics 
 
 
Or any other 
occupations where 
they can use their 
intellectual 
creativity to create 
plans and schemes 
and/or their ease 
with technology to 
solve problems. 
ISTP 
Skilled Trades  
Technical Fields 
Computers 
Agriculture 
Military 
 
 
Or any other 
occupations where 
they can use their 
practical expertise 
to solve technical 
problems and/or 
process information 
effectively. 
ISFP 
Health Care 
Business 
Law Enforcement 
 
 
 
 
Or any other 
occupations where 
use their attention 
to detail in a 
service-oriented 
field. 
INFP 
Counselling 
Writing 
Arts 
 
 
 
 
Or any other 
occupations where 
they can use their 
creativity in 
independent ways 
and/or where they 
feel the freedom to 
grow. 
INTP 
Science  
Technical Fields 
Computers 
Design 
 
 
 
Or any other 
occupations where 
they can use their 
analytical ability in 
independent ways 
to solve problems, 
invent and 
discover. 
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ESTP 
Marketing 
Skilled Trades  
Business 
Law Enforcement 
Applied 
Technology 
 
Or any other 
occupations where 
they can use their 
doer nature to find 
technical solutions 
and make sure 
practical work is 
carried out 
successfully 
 
ESFP 
Health Care 
Coaching 
Skilled Trades 
Childcare 
Public Relations 
 
 
Or any other 
occupations where 
they can use their 
outgoing nature 
and people skills to 
help people with 
their practical 
needs. 
ENFP 
Counselling 
Teaching 
Religion 
Arts 
Public Relations 
 
 
Or any other 
occupations where 
they can use their 
energy and people 
skills to motivate 
and help groups 
and individuals 
grow and/or work 
together better. 
ENTP 
Science 
Management 
Technology 
Arts 
Design 
 
 
Or any other 
occupations where 
they can use their 
skills and multiple 
talents to help 
groups function 
more effectively 
and solve new 
challenges. 
ESTJ 
Management 
Administration  
Law Enforcement 
 
 
Or any other 
occupations where 
they can use their 
organisational and 
leadership skills to 
help others execute 
the task in the most 
efficient manner 
 
ESFJ 
Education 
Health care  
Religion 
 
 
Or any other 
occupations where 
they can use their 
instinct for 
teaching and care 
for others with a 
primary focus on 
practical needs and 
creating 
harmonious 
organizations. 
 
ENFJ 
Education 
Religion 
Social Work 
Arts 
 
Or any other 
occupations where 
they can use their 
people skills and 
enthusiasm to help 
others grow, make 
meaning and 
understand the big 
picture 
 
ENTJ 
Management 
Law  
Leadership 
Technology 
 
Or any other 
occupations where 
they can use their 
natural leadership 
skills and analytical 
ability to help 
organise and 
marshal the energy 
needed to get 
collective tasks 
done. 
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Appendix 13 
 
 
RATING SCALE FOR STUDENTS’ PARTICIPATION IN PBL 
GROUP DISCUSSIONS 
 
 
Student____________________ Student evaluator__________________ 
 
 
Indicate areas of particular strength or weakness in the appropriate column with a tick. 
 
 
Indicators with sub-items Behaviour patterns 
Minimum Medium Maximum 
1 2 3 4 5 6 7 8 9 
1. Leadership 
       i. Leads discussion 
         
       ii.Often represents in  
          presentations 
         
      iii.Initiates in group  
           processing 
         
      iv. Gives direction          
      v.  Suggests decisions          
2. Group Interaction 
       i.  Shares information 
         
      ii.  Shares resources          
     iii. Accomodates  
           differences in opinion 
         
     iv. Volunteers to undertake  
          task 
         
     v.  Encourages others to  
         participate 
         
3. Self-directed learning 
      i.Refers relevant resources 
         
     ii. Asks probing questions          
    iii. Integrates old and new    
         knowledge 
         
    iv.  Shows appropriate  
         depth of knowledge 
         
     v. Understands the learning   
         issues 
         
4. Reflectiveness 
     i.   Proposes hypotheses 
         
     ii.  Derives learning issues          
    iii.  Challenges ideas          
    iv.  Raises pertinent issues          
     v.  Asks relevant questions          
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Indicators with sub-items Behaviour patterns 
Minimum Medium Maximum 
1 2 3 4 5 6 7 8 9 
5. Problem-solving skills 
     i.   Revises hypotheses  
          based on additional  
           information      
         
     ii.   Gives feedback          
    iii.  Debates issues          
    iv.  Clarifies issues          
     v.  Suggests solution          
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STUDENT’S SELF-EVALUATION 
 
1. Student Name: ______________________________________  
 
2. Student Number: ______________________________________  
 
Indicate areas of particular strength or weakness by a tick in appropriate box. 
 
1= cause for concern 
2=fair 
3=good 
4=excellent 
 
1. Reasoning process 
         1        2      3        4 
 a. Identification of case-related problems  
 
                    1        2      3        4 
 b. Proposition of hypothesis 
  
 c. Revision of hypothesis based on   1        2      3        4 
     additional information    
  
 d. Understanding of the concept  1        2      3        4  
  
 
 
2. Knowledge acquisition 
         1        2      3        4 
 a. Pursuing of basic learning issues  
 
                    1        2      3        4 
 b. Use of terminologies accurately 
  
 c. Identification of group learning issues  1        2      3        4 
         
  
 d. Assimilation of new concepts  1        2      3        4  
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3. Co-operative learning issues 
         1        2      3        4 
 a. Attendance  
 
                    1        2      3        4 
 b. Punctuality 
  
 c. Leading of discussion    1        2      3        4 
         
  
 d. Sharing of information   1        2      3        4  
  
 
  
  
4. Self-directed learning 
         1        2      3        4 
 a. Preparation for group  
 
                    1        2      3        4 
 b. Identification of appropriate resources 
  
 c. Possession of appropriate depth of   1        2      3        4 
     knowledge    
  
 d. Integration of existing and    1        2      3        4  
     new knowledge 
  
 
Comments: ________________________________________________________ 
 
          ________________________________________________________ 
 
          ________________________________________________________ 
 
          ________________________________________________________
  
         ________________________________________________________ 
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ABBREVIATIONS SPREAD SHEET 
 
AC Abstract Conceptualization 
AE Active Experimentation 
CE Concrete Experience 
FP Foundation Programs 
FS Foundation Studies 
ILS Index of Learning Styles  
JPT Jung’s Psychological Types  
KBTS Keirsey-Bates Temperament Sorter 
LS Learning Styles 
LT Learning Theories 
LSI Learning Style Inventories 
PBL Problem-Based Learning 
PT Personality Theories 
PLSI Paragon Learning Style Inventory 
MBTI Myers-Briggs Type Indicator  
MMTI Murphy Meisgeir Type Indicator  
RO Reflective Observation 
RMIT Royal Melbourne Institute of Technology University 
SAL Students’ Approaches to Learning 
SET Science Engineering and Technology 
SLAPS School of Life and Physical Sciences 
SPGD Students’ Participation in Group Discussions 
SSE Student’s Self-Evaluation 
TAFE Tertiary and Further Education 
TTL Traditional Teaching and Learning 
VCAA Victorian Curriculum Assessment Authority 
VCE  Victorian Certificate of Education 
VCAL Victorian Certificate of Applied Learning 
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Interaction Graphs 
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FeelingThinking
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Appendix 17 
 
 
Magnitude of Interaction between Demographic Variables and 
Learning Traits 
 
The magnitude of interaction has been estimated as the difference between two pairs 
of effect sizes, as an interaction effect size. 
 
 
 
 
Magnitude of Interation between Gender and Learning Traits
Variables Assessment Variable Levels Variable Level 1 Variable Level 2
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o
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rd
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e
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ractio
n
mean n SD mean n SD
Gender Vs Intr_Extr TTL M.Intr__F.Intr 35.48 26 11.88 37.99 45 10.83 11.22 -2.51 -0.22 0.25
M.Extr__F.Extr 29.41 23 11.76 35.27 22 11.43 11.60 -5.86 -0.50 0.30 -0.28
PBL M.Intr__F.Intr 36.75 26 12.34 37.27 45 12.29 12.31 -0.52 -0.04 0.25
M.Extr__F.Extr 26.97 23 13.00 35.07 22 12.14 12.59 -8.10 -0.63 0.31 -0.59
SPGD M.Intr__F.Intr 149.46 26 31.03 145.09 45 37.65 35.39 4.37 0.12 0.25
M.Extr__F.Extr 133.35 23 38.09 153.18 22 30.06 34.40 -19.83 -0.57 0.30 -0.69
SSE M.Intr__F.Intr 43.96 26 6.98 45.87 45 7.33 7.21 -1.91 -0.26 0.25
M.Extr__F.Extr 43.70 23 6.79 46.36 22 6.00 6.42 -2.66 -0.41 0.30 -0.15
Gender Vs Intuit_Sens TTL M.Intuit__F.Intuit 31.62 26 12.04 34.50 24 9.82 11.03 -2.88 -0.26 0.28
M.Sens__F.Sens 33.78 23 12.32 38.55 43 11.49 11.78 -4.77 -0.40 0.26 -0.14
PBL M.Intuit__F.Intuit 30.73 26 13.39 36.35 24 10.17 11.96 -5.62 -0.46 0.29
M.Sens__F.Sens 33.78 23 13.64 36.65 43 13.30 13.42 -2.87 -0.21 0.26 0.25
SPGD M.Intuit__F.Intuit 136.81 26 35.55 142.96 24 33.66 34.66 -6.15 -0.17 0.28
M.Sens__F.Sens 147.65 23 34.46 150.42 43 36.32 35.69 -2.77 -0.08 0.26 0.10
SSE M.Intuit__F.Intuit 43.00 26 7.49 48.21 24 7.91 7.69 -5.21 -0.67 0.29
M.Sens__F.Sens 33.78 23 12.32 38.55 43 11.49 11.78 -4.77 -0.40 0.26 0.27
Gender Vs Think_Feel TTL M.Think__F.Think 33.94 25 11.64 37.77 33 12.04 11.87 -3.83 -0.32 0.27
M.Feel__F.Feel 31.27 24 12.65 36.44 34 10.06 11.20 -5.17 -0.46 0.27 -0.14
PBL M.Think__F.Think 33.02 25 12.13 37.50 33 12.16 12.15 -4.48 -0.36 0.27
M.Feel__F.Feel 31.27 24 14.92 35.62 34 12.33 13.45 -4.35 -0.32 0.27 0.04
SPGD M.Think__F.Think 144.36 25 33.99 154.09 33 33.48 33.70 -9.73 -0.28 0.27
M.Feel__F.Feel 139.33 24 36.78 141.59 34 36.44 36.58 -2.26 -0.06 0.27 0.22
SSE M.Think__F.Think 43.68 25 6.96 46.88 33 6.84 6.89 -3.20 -0.46 0.27
M.Feel__F.Feel 44.00 24 6.81 45.21 34 6.91 6.87 -1.21 -0.17 0.27 0.28
Gender Vs Perc_Judj TTL M.Perc__F.Perc 28.00 12 11.39 33.28 18 8.81 9.90 -5.28 -0.52 0.38
M.Judg__F.Judg 34.14 37 12.08 38.50 49 11.49 11.75 -4.36 -0.37 0.22 0.15
PBL M.Perc__F.Perc 28.58 12 12.95 33.28 18 8.85 10.65 -4.70 -0.43 0.38
M.Judg__F.Judg 33.32 37 13.58 37.74 49 13.09 13.30 -4.42 -0.33 0.22 0.10
SPGD M.Perc__F.Perc 129.75 12 28.05 141.28 18 39.55 35.48 -11.53 -0.32 0.37
M.Judg__F.Judg 145.84 37 36.57 150.12 49 33.76 34.99 -4.28 -0.12 0.22 0.20
SSE M.Perc__F.Perc 41.08 12 6.76 47.22 18 7.97 7.52 -6.14 -0.79 0.39
M.Judg__F.Judg 44.73 37 6.68 45.59 49 6.47 6.56 -0.86 -0.13 0.22 0.66
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mean n SD mean n SD
Age Vs Intr_Extr TTL NA.Intr__MA.Intr 37.51 61 10.56 34.40 10 14.98 11.24 3.11 0.27 0.34
NA.Extr__MA.Extr 34.04 37 11.18 24.13 8 12.12 11.34 9.91 0.86 0.40 0.58
PBL NA.Intr__MA.Intr 37.60 61 11.91 33.90 10 14.28 12.25 3.70 0.30 0.34
NA.Extr__MA.Extr 31.50 37 13.21 28.32 8 13.09 13.19 3.18 0.24 0.39 -0.06
SPGD NA.Intr__MA.Intr 146.98 61 34.94 144.90 10 38.73 35.46 2.08 0.06 0.34
NA.Extr__MA.Extr 144.68 37 34.72 135.50 8 40.29 35.69 9.18 0.25 0.39 0.19
SSE NA.Intr__MA.Intr 44.90 61 7.07 46.80 10 8.22 7.23 -1.90 -0.26 0.34
NA.Extr__MA.Extr 45.22 37 6.24 44.00 8 7.91 6.54 1.22 0.18 0.39 0.44
Age Vs Intuit_Sens TTL NA.Intuit__MA.Intuit 34.77 42 9.85 23.69 8 12.79 10.33 11.08 1.06 0.40
NA.Sens__MA.Sens 37.27 56 11.55 34.75 10 14.26 11.97 2.52 0.21 0.34 -0.85
PBL NA.Intuit__MA.Intuit 34.14 42 12.35 29.69 8 11.18 12.19 4.45 0.36 0.39
NA.Sens__MA.Sens 36.16 56 13.00 32.80 10 15.84 13.44 3.36 0.25 0.34 -0.11
SPGD NA.Intuit__MA.Intuit 141.95 42 33.46 128.25 8 39.55 34.42 13.70 0.39 0.39
NA.Sens__MA.Sens 149.23 56 35.57 150.70 10 36.61 35.72 -1.47 -0.04 0.34 -0.43
SSE NA.Intuit__MA.Intuit 44.95 42 7.61 48.38 8 10.21 8.04 -3.43 -0.42 0.39
NA.Sens__MA.Sens 45.07 56 6.08 43.30 10 5.12 5.95 1.77 0.29 0.34 0.71
Age Vs Think_Feel TTL NA.Think__MA.Think 37.14 48 11.61 31.25 10 12.84 11.82 5.89 0.49 0.35
NA.Feel__MA.Feel 35.30 50 10.15 28.06 8 16.86 11.21 7.24 0.64 0.39 0.15
PBL NA.Think__MA.Think 36.13 48 12.08 32.90 10 13.35 12.29 3.23 0.26 0.35
NA.Feel__MA.Feel 34.50 50 13.34 29.56 8 14.74 13.52 4.94 0.36 0.38 0.10
SPGD NA.Think__MA.Think 151.08 48 33.60 144.20 10 35.75 33.95 6.88 0.20 0.35
NA.Feel__MA.Feel 141.34 50 35.39 136.38 8 43.88 36.56 4.96 0.13 0.38 -0.07
SSE NA.Think__MA.Think 46.00 48 7.18 43.10 10 5.86 6.98 2.90 0.41 0.35
NA.Feel__MA.Feel 44.08 50 6.21 48.63 8 9.53 6.72 -4.55 -0.67 0.39 -1.08
Age Vs Perc_Judj TTL NA.Perc__MA.Perc 32.81 26 9.29 20.50 4 9.39 9.30 12.31 1.29 0.56
NA.Judg__MA.Judg 37.42 72 11.20 32.50 14 14.69 11.81 4.92 0.41 0.29 -0.87
PBL NA.Perc__MA.Perc 32.08 26 11.14 27.00 4 6.87 10.76 5.08 0.46 0.54
NA.Judg__MA.Judg 36.46 72 13.09 32.68 14 15.02 13.41 3.78 0.28 0.29 -0.18
SPGD NA.Perc__MA.Perc 137.38 26 35.05 132.00 4 42.39 35.91 5.38 0.15 0.54
NA.Judg__MA.Judg 149.26 72 34.26 143.21 14 38.70 34.98 6.05 0.17 0.29 0.03
SSE NA.Perc__MA.Perc 44.38 26 8.02 47.25 4 8.54 8.08 -2.87 -0.35 0.54
NA.Judg__MA.Judg 45.25 72 6.26 45.07 14 8.07 6.57 0.18 0.03 0.29 0.37
Magnitude of Interaction between Age and Learning Traits
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PriorQual Vs Intr_Extr TTL S.Intr__T.Intr 37.43 68 11.01 29.00 3 15.31 11.16 8.43 0.75 0.59
S.Extr__T.Extr 33.29 40 11.14 24.20 5 15.55 11.62 9.09 0.77 0.48 0.02
PBL S.Intr__T.Intr 37.03 68 12.29 38.17 3 12.96 12.31 -1.14 -0.09 0.59
S.Extr__T.Extr 31.28 40 12.88 28.20 5 16.08 13.21 3.08 0.23 0.47 0.32
SPGD S.Intr__T.Intr 146.96 68 35.13 140.67 3 44.64 35.44 6.29 0.18 0.59
S.Extr__T.Extr 144.98 40 35.07 127.60 5 38.75 35.43 17.38 0.48 0.48 0.31
SSE S.Intr__T.Intr 45.21 68 7.27 44.33 3 6.81 7.26 0.88 0.12 0.59
S.Extr__T.Extr 45.15 40 6.52 43.80 5 6.76 6.54 1.35 0.20 0.47 0.08
PriorQual Vs Intuit_Sens TTL S.Intuit__T.Intuit 34.00 46 10.23 21.50 4 14.87 10.58 12.50 1.16 0.53
S.Sens__T.Sens 37.30 62 11.73 30.50 4 14.75 11.89 6.80 0.57 0.52 -0.60
PBL S.Intuit__T.Intuit 33.85 46 12.10 28.63 4 13.77 12.21 5.22 0.42 0.52
S.Sens__T.Sens 35.68 62 13.27 35.25 4 17.33 13.49 0.43 0.03 0.52 -0.39
SPGD S.Intuit__T.Intuit 142.54 46 34.00 107.75 4 23.43 33.44 34.79 1.02 0.53
S.Sens__T.Sens 148.95 62 35.67 157.25 4 35.42 35.66 -8.30 -0.23 0.52 -1.25
SSE S.Intuit__T.Intuit 45.93 46 8.06 40.50 4 7.05 8.00 5.43 0.67 0.53
S.Sens__T.Sens 44.63 62 6.05 47.50 4 3.11 5.94 -2.87 -0.48 0.52 -1.15
PrioirQual Vs Think_Feel TTL S.Think__T.Think 36.71 53 11.79 29.90 5 12.85 11.87 6.81 0.57 0.47
S.Feel__T.Feel 35.11 55 10.62 19.50 3 17.54 10.94 15.61 1.41 0.61 0.84
PBL S.Think__T.Think 35.72 53 12.10 34.00 5 15.26 12.35 1.72 0.14 0.47
S.Feel__T.Feel 34.11 55 13.43 28.50 3 16.86 13.57 5.61 0.41 0.59 0.27
SPGD S.Think__T.Think 149.92 53 33.97 149.60 5 35.12 34.05 0.32 0.01 0.47
S.Feel__T.Feel 142.65 55 35.82 104.00 3 27.19 35.55 38.65 1.07 0.60 1.06
SSE S.Think__T.Think 45.47 53 7.23 45.80 5 4.66 7.08 -0.33 -0.05 0.47
S.Feel__T.Feel 44.91 55 6.77 41.00 3 8.54 6.84 3.91 0.56 0.60 0.61
PriorQual Vs Perc_Judj TTL S.Perc__T.Perc 31.74 29 9.74 14.50 1 0.00 9.74 17.24 1.72 1.04
S.Judg__T.Judg 37.42 79 11.35 27.64 7 14.87 11.64 9.78 0.83 0.40 -0.89
PBL S.Perc__T.Perc 31.36 29 10.91 32.50 1 0.00 10.91 -1.14 -0.10 1.02
S.Judg__T.Judg 36.20 79 13.20 31.86 7 16.11 13.43 4.34 0.32 0.40 0.42
SPGD S.Perc__T.Perc 137.55 29 35.62 111.00 1 0.00 35.62 26.55 0.73 1.02
S.Judg__T.Judg 149.41 79 34.39 135.57 7 40.38 34.85 13.84 0.39 0.40 -0.33
SSE S.Perc__T.Perc 44.86 29 8.12 42.00 1 0.00 8.12 2.86 0.34 1.02
S.Judg__T.Judg 45.30 79 6.56 44.29 7 6.73 6.57 1.01 0.15 0.39 -0.19
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mean n SD mean n SD
Lang of Inst Vs Intr_Extr TTL E.Intr__O.Intr 37.36 32 13.32 36.83 39 9.30 11.28 0.53 0.05 0.24
E.Extr__O.Extr 33.57 21 9.85 31.15 24 13.46 11.92 2.42 0.20 0.30 0.15
PBL E.Intr__O.Intr 36.73 32 13.64 37.36 39 11.10 12.31 -0.63 -0.05 0.24
E.Extr__O.Extr 35.07 21 11.56 27.31 24 13.52 12.65 7.76 0.60 0.31 0.65
SPGD E.Intr__O.Intr 147.94 32 42.08 145.67 39 28.92 35.44 2.27 0.06 0.24
E.Extr__O.Extr 151.90 21 35.74 135.29 24 34.06 34.85 16.61 0.47 0.30 0.40
SSE E.Intr__O.Intr 45.31 32 8.92 45.05 39 5.55 7.26 0.26 0.04 0.24
E.Extr__O.Extr 46.90 21 7.04 43.33 24 5.58 6.30 3.57 0.56 0.30 0.52
Lang of Inst Vs Intuit_Sens TTL E.Intuit__O.Intuit 32.28 23 9.45 33.61 27 12.34 11.11 -1.33 -0.12 0.28
E.Sens__O.Sens 38.60 30 13.31 35.46 36 10.59 11.90 3.14 0.26 0.25 0.38
PBL E.Intuit__O.Intuit 34.02 23 10.72 32.93 27 13.47 12.29 1.09 0.09 0.28
E.Sens__O.Sens 37.65 30 14.11 33.99 36 12.71 13.36 3.66 0.27 0.25 0.18
SPGD E.Intuit__O.Intuit 148.52 23 37.46 132.30 27 30.37 33.80 16.22 0.47 0.29
E.Sens__O.Sens 150.27 30 41.41 148.78 36 30.19 35.71 1.49 0.04 0.25 -0.43
SSE E.Intuit__O.Intuit 47.52 23 9.26 43.78 27 6.57 7.92 3.74 0.46 0.29
E.Sens__O.Sens 44.73 30 7.20 44.86 36 4.75 5.99 -0.13 -0.02 0.25 -0.49
Lang of Inst Vs Think_Feel TTL E.Think__O.Think 37.19 26 12.34 35.25 32 11.70 11.99 1.94 0.16 0.26
E.Feel__O.Feel 34.57 27 11.97 34.06 31 11.06 11.49 0.51 0.04 0.26 -0.12
PBL E.Think__O.Think 36.67 26 11.97 34.67 32 12.58 12.31 2.00 0.16 0.26
E.Feel__O.Feel 35.50 27 13.69 32.35 31 13.41 13.54 3.15 0.23 0.26 0.07
SPGD E.Think__O.Think 155.81 26 36.78 145.09 32 30.84 33.62 10.72 0.31 0.27
E.Feel__O.Feel 143.44 27 41.50 138.23 31 31.54 36.50 5.21 0.14 0.26 -0.17
SSE E.Think__O.Think 47.04 26 7.67 44.25 32 6.28 6.94 2.79 0.40 0.27
E.Feel__O.Feel 44.89 27 8.68 44.55 31 4.84 6.89 0.34 0.05 0.26 -0.35
Lang of Inst Vs Perc_Judj TTL E.Perc__O.Perc 29.44 18 8.59 33.75 12 11.90 10.02 -4.31 -0.42 0.38
E.Judg__O.Judg 39.16 35 12.42 34.88 51 11.28 11.75 4.28 0.36 0.22 0.78
PBL E.Perc__O.Perc 28.61 18 8.35 35.58 12 12.79 10.32 -6.97 -0.66 0.38
E.Judg__O.Judg 39.91 35 13.03 33.05 51 13.06 13.05 6.86 0.52 0.22 1.18
SPGD E.Perc__O.Perc 132.94 18 39.81 142.25 12 28.03 35.65 -9.31 -0.25 0.37
E.Judg__O.Judg 158.03 35 36.87 141.59 51 32.07 34.09 16.44 0.48 0.22 0.73
SSE E.Perc__O.Perc 44.56 18 8.91 45.08 12 6.75 8.13 -0.52 -0.06 0.37
E.Judg__O.Judg 46.66 35 7.84 44.24 51 5.33 6.46 2.42 0.37 0.22 0.43
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